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The Genus Ceratodrilus Hall, 
(Branchiobdellidae, Obligochaeta) With 


The Description of A New Species 


Perry C. Holt 
Department of Biology, Virginia Polytechnic Institute 
Blacksburg, Virginia 


The majority of the species of the family Branchiobdellidae are 
monotonously similar in superficial appearance, but this general uniformity 
of external structure is occasionally departed from by some species in a 
most dramatic fashion. Notable in this respect among the North American 
branchiobdellids are such forms as Pterodrilus alcicornus Moore and the 


curiously ornamented species of Ceratodrilus which are the subjects of 
the present investigation. 


These aptly named “horned worms,” however, compel our attention 
and interest for several reasons other than their appearance. Ceratodrilus 
is endemic to a geologically interesting area and, moreover, the type 
species, C. thysanosomus from Utah, has been referred to Cirrodrilus 
Pierantoni, a genus of Japanese worms. Such a relationship, if real, would 
be a matter of considerable zoogeographical importance. Furthermore, 
the material at hand reveals the presence in the Snake River basin of a 
second, undescribed, species of the genus and, finally, the acquisition 
of a large number of specimens of both these species as the result of a 
collecting trip made in the summer of 1958 presents an opportunity to 
study the internal anatomy of these species. A phylogenetic synthesis of 


the family Branchiobdellidae waits in part on the completion of such 
anatomical studies. 


Although the genus Ceratodrilus has been briefly and almost cursorily 
treated by only three authors, the history of these treatments has its 
points of interest. The story begins in 1905 when Pierantoni erected the 
genus Cirrodrilus, with C. cirratus as the only species, on the basis of 
several ill-preserved individuals which were obtained from specimens of 
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the Japanese crayfish Cambaroides japonicus possessed by the Museum 
de Histoire Naturelle de Paris, Pierantoni’s diagnosis (according to Yama- 
guchi, 1932a: 364) appears to have been based primarily upon what he 
believed to be ventrally placed transverse ridges bearing finger-like 
projections. In 1914, Hall diagnosed the genus Ceratodrilus, designating 
C. thysanosomus as the type species, on the basis of material from the 
Great Salt Lake basin in Utah which was likewise admitted to be in a 
state of poor preservation. Yamaguchi (1932a) studied some Japanese 
branchiobdellids and referred worms which he considered to be conspecific 
with Pierantoni’s animals to Hall’s genus Ceratodrilus, ignoring the priority 
of Cirrodrilus as a generic name. This assignment was based on Yama- 
guchi’s undoubtedly correct view that Pierantoni confused the dorsal with 
the ventral surface of his worms and upon Halls description of the dorsal 
projections of Ceratodrilus. Goodnight (1940: 63-64) reviewed the work 
of Hall and Yamaguchi, concurred with Yamaguchi’s view that the Ameri- 
can and Japanese species are congeneric and corrected Yamaguchi’s 
violation of the law of priority, thereby reducing Hall’s genus Ceratodrilus 
to synonymy. 


It is immediately obvious that both Pierantoni and Hall based the 
diagnosis of their genera upon the external appearance of poorly preserved 
material; that Yamaguchi had no opportunity to study American material 
and made his decision to synonymize the Japanese and American genera 
on the basis of external form; that Goodnight simply accepted Yama- 
guchi’s conclusions and assigned his material from the Snake River basin 
in Idaho and Oregon to Hall’s species without considering whether these 
Snake River animals might represent a species other than Hall’s Utah one. 
Goodnight did not study the internal anatomy of his animals and, hence, 
made no attempt to determine whether they, or Hall’s, correspond to 
Yamaguchi’s in this respect. They do not, as this investigation shows. 


One objective of this paper is to establish the generic distinctiveness 
of the American worms and, hence, to revive Hall's genus Ceratodrilus. 
Since Japanese material is not available in America, the validity of this 
effort depends upon a careful interpretation of Yamaguchi’s descriptions 
and figures. Without attempting to follow the changes in Yamaguchi’s 
papers (1932a, 1932b, 1933, 1934), attention is directed to what appear 
to be his final conclusions as found in his monograph of the Japanese 
branchiobdellids (1934), Here he again ignored priority and placed the 
Japanese species Cirrodrilus cirratus in Pierantoni’s genus Stephanodrilus. 
If Yamaguchi was correct in believing that Pierantoni’s Cirrodrilus cirratus 
(1905) and Stephanodrilus sapporensis (1906) are congeneric, then 
Stephanodrilus, not Cirrodrilus, becomes a junior synonym. But this is not 
important to the present argument. What is important is that Yamaguchi 
considered the species of Cirrodrilus and Stephanodrilus to be congeneric 
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and his concept of the genus, which, if he and Goodnight were correct, 
would embrace the American species upon which Hall erected his genus 
Ceratodrilus. 


Consequently, Yamaguchi’s concept of the genus Stephanodrilus must 
be considered. The pertinent point is that Yamaguchi understood the 
structure of the male reproductive system of the branchiobdellids, in- 
cluding the American genus Cambarincola which has an introduced repre- 
sentative in Japan (1934: 191). He wrote (1934: 190-191) that the 
latter has an accessory sperm tube (==prostate, see below). In his 
paper on what he then called Cambarincola homodonta (1932c: fig 2) a 
species he later placed in Stephanodrilus (1934: 200-201), he presented 
drawings of the spermatic vesicles (==spermiducal glands, see below) 
and atria (=bursae and penial sheaths, see below) of several species of 
branchiobdellids. These drawings clearly show that there is no prostate in 
Stephanodrilus sapporensis and in S. homodonta, while his drawing of 
Cambarincola sp. shows the typical structure of the male reproductive 
system of this genus. The species originally called Carcinodrilus nipponicus 
was at first considered generically distinct from those assigned to Cera- 
todrilus [=Cirrodrilus] and Stephanodrilus on the basis of differences 
in the external form, but the statement is made (1932b: 63) that these 
genera are “generally similar” in internal structure. It is implicit in Yama- 
guchi’s 1934 paper and previous work that he made his decision to assign 
the fairly numerous species of Japanese worms to the three genera 
Branchiobdella, Cambarincola and Stephanodrilus on the basis of differ- 
ences in the structure of the male reproductive system. Be this as it may 
however, Yamaguchi gave clear enough description of the male re- 
productive system of the Japanese worms to establish the generic distinct- 
iveness of the American ones. 


As further evidence bearing on this point, he figured the “atrium” 
(bursa, penial sheath and spermiducal gland) of Stephanodrilus inukaii. 
This drawing, reproduced here (fig. 1), is entirely consistent with his 
earlier ones mentioned above. The essential points to note are the absence 
of the prostate and the point of entry of the vasa deferentia into the 
spermiducal gland. He then remarked for all of the fifteen species (with 
the exception of Pierantoni’s Stephanodrilus japonicus which he did not 
see) that the male reproductive system is generally similar and made it 
clear that it corresponds in all these species to the drawings he presented 
of S. inukaii, S. sapporensis and S. homodonta. The Japanese worms which 
Yamaguchi assigned to Stephanodrilus constitute a coherent group and 
are congeneric according to the generic concept adhered to in this paper. 


Yamaguchi’s (1934: 191-192 diagnosis of Stephanodrilus was some- 
what long and emphasized the external features perhaps unduly. A con- 
densed version, however, would read: peristomium always 8-lobed dor- 
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sally, the lobes often prolonged into tentacles, frequently with a mem- 
branous funnel-like extension of the peristomium between the lobes; with 
or without dorsal transverse bands and projections; anterior nephridiopores 
usually paired, unpaired in S. koreanus [?]|; both dorsal and ventral jaws 
with 7 or more teeth, including always a large median one; “testes and 
male funnels in trunk somites V and VI; atrium of [a] glandular part, 
muscular portion and bursa, no distinct penis sheath; glandular atrium 
not bifid, [but] tubular or bulged [in] form; no paired bursal glands; 
penis sub-conical in form, having a narrow eversible efferent duct folded 
several times at the basal portion; spermatheca not bifid and composed of 
two enlarged portions, one in the distal [read “ental” (?)] end, the 
other in about the middle portion, lumen [sic] of the two portions con- 
nected by a very narrow canal.” 


This constitutes a coherent generic diagnosis and one would question 
only the unpaired nephridiopore of S. koreanus and the absence of a 
statement concerning the point of entry into the spermiducal gland 
(glandular atrium) of the deferent ducts. The first may simply be an 
error; if not, the Korean species probably represents a different genus. 
The latter point is important and it is clear from Yamaguchi’s drawings 
and descriptions that the Japanese genus, properly known as Cirrodrilus, is 
characterized in part by the fact that the deferent ducts enter the 
spermiducal gland at a point about one-fourth the length of the gland 
entad from the junction of it and the ejaculatory duct (fig. 1), as in the 
American genus Xironogiton (Holt, 1949: 541) which otherwise appears 
to be quite distinct from the Japanese genus. 


There is no reason to doubt the accuracy of Yamaguchi’s observations 
with the exceptions noted. There are, then, two known indigenous genera of 
branchiobdellids, Branchiobdella Odier, 1823, and Cirrodrilus (including 
Stephanodrilus )Pierantoni, 1905, and the introduced American species 
of Cambarincola in Japan and Korea. 


Goodnight (1940: 63) concurred with Yamaguchi’s error in reducing 
the American genus Ceratodrilus to synonymy with the Japanese genus 
Cirrodrilus. A brief consideration of Goodnight’s treatment, therefore, 
becomes pertinent. 


Goodnight (1940: 63) defined Cirrodrilus, including Ceratodrilus, as 
follows: “With the characteristics of the subfamily [two pairs of testes]; 
spermatheca simple, not bifid; no accessory sperm tube; anterior nephridia 
opening to the outside through separate pores in the dorsal half of 
segment III; penis eversible; body cylindrical, not depressed; with body 
appendages in the form of pointed bands extending transversely across 
the dorsal surface.” His discussion of the genus was short and consisted 
of a quotation from Yamaguchi justifying the combining of the genera on 
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the basis of Pierantoni’s error. Goodnight, then, left the matter precisely 
at the point reached by Yamaguchi, except for his correction of Yama- 
guchi’ss error in regard to priority. 


MATERIALS AND METHODS 


Materials collected and preserved in alcohol-formalin (70% alcohol, 
96 parts; 40% formalin, 4 parts) were studied by means of whole 
mounts and serial sections. Animals mounted entire were dehydrated with 
alcohol, cleared in clove oil and mounted unstained in balsam. Sections, 
cut at 10 microns, were stained with Delafield’s hematoxylin and eosin 
according to the usual procedures. Entire animals were studied with a 
fluorite oil immersion objective, 40X, N.A. 100, corrected to a working 
distance of 1.5 mm., and sections with an apochromatic, 47.5X, N.A. 
0.95 objective and an apochromatic, 90X, N.A. 1.30 oil immersion ob- 
jective. All drawings were made with the aid of a camera lucida. 
Specimens cited which are in the collections of the author are identified 
by the initials PCH. 


I am grateful to Dr. Horton H. Hobbs, Jr., of the University of 
Virginia, for material collected by Tracey from Lincoln County, Wyoming, 
and by D. Eldon Beck from Bear Lake County, Idaho, as well as for all 
identifications of the host crayfish. Mr. Richard L. Hoffman aided in the 
preparation of materials and carefully read the manuscript. The assistance 
of Ray Bronson and Judson Ford in collecting crayfish in a strange 
desert country is gratefully acknowledged. 


The work reported here was done with the aid of a grant (NSF- 
G4439) from the National Science Foundation. 


Ceratodrilus Hall, 1914 


Ceratodrilus, Hall, 1914: 190-191; Ceratodrilus, Stephenson, 1930: 
901; Cirrodrilus, Goodnight, 1940: 63-64. 


Diacnosis, — Medium sized worms, 3.0 to 3.3 mm. in average length 
for the known species; finger-like projections borne on the dorsal surface 
of segments ii-vii; peristomium with four tentacles; a single anterior 
nephridiopore, opening mid-dorsally on the transverse ridge of segment iii; 
jaws relatively heavy, brown, teeth subequal in length, dental formula 
7/6; prostate reduced to a lateral prostatic bulb near the ental end of 
the spermiducal gland; spermiducal gland prominent, deferent ducts 
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enter its ental end; ejaculatory duct present, short and thick; penial 
sheath relatively short and thick, enclosing an eversible penis, externally 
only slightly delimited from the atrial portion of the bursa; spermatheca 
with a wide and prominent ectal stalk and an ental process. 


Tyre Species, — Ceratodrilus thysanosomus Hall, 1914, by original 
designation. 


DistrisuTion. — The species of Ceratodrilus seem to be confined to the 
Snake River drainage and its Pleistocene extension into Lake Bonneville 
(fig 2). Hall’s original material came from “streams of Great Basin, Salt 
Lake City, Utah,” and Goodnight’s subsequent records should, with the 
exception of the animals from Evanston (Bear River), Wyoming, be 
assigned to the new species described below. That the animals from the 
Snake River and its tributaries are specifically distinct from those of the 
Great Salt Lake drainage and that the genus is known only from these 
two formerly connected drainage systems may imply the post-Pleistocene 
differentiation of these species. 


AFFINITES OF THE GENUS CeRaTopritus. — The Plylogenetic relation- 
ships of the branchiobdellid genera are not known and a discussion of the 
affinities of Ceratodrilus is further complicated by the fact that several 
unnamed genera are known. The preponderance of morphological evi- 
dence indicates that Ceratodrilus is more closely related to such Ameri- 
can genera as Cambarincola and Pterodrilus and perhaps most closely of 
all to one of the undescribed genera in the author's por i No genus 
of branchiobdellids is known with certainty to range over more than one 
continent — Pierantoni’s (1912: 14, 16) report of the presence of 
Branchiobdella in America remains unconfirmed and the Japanese species 
assigned to the genus may well represent a new genus of the subfamily 
Branchiobdellinae, It begins to appear, therefore, that there are two, and 
perhaps three distinct faunal assemblages of these worms. 


A further comparison of Ceratodrilus with the known genera of 
branchiobdellids is given below in conjunction with a discussion of the 
anatomy of the genus. 


Ceratodrilus thysanosomus Hall, 1914 
(Plate III, figs. 11 and 12) 


Ceratodrilus thysanosomus, Hall, 1914: 191; Ceratodrilus thysanosomus 
Stephenson, 1930:801; Ceratodrilus thysanosomus, Yamaguchi, 1932a: 
367; Cirrodrilus thysanosomus, Goodnight, 1940: 64-65 (in part). 
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Diacnosis. — About 3.2 mm. in length (preserved material); head 
with 4 tentacles which average approximately 90 microns in length; 
transverse dorsal ridges bearing 4-6 finger-like projections on segments 
ii-vii, about 50 microns in length; segment viii with 7-8 such projections 
which are somewhat shorter; dorsal projections approximately 1/10 body 
diameter in length; spermiducal gland large, reaching almost to dorsal 
border of segment vi; prostate reduced to prostatic bulb which opens 
directly into the lumen of the spermiducal gland near the ental end. 


Discussion, — Hall (1914: 191) described his animals upon which the 
original species diagnosis was based as 2 to 2.8 mm. in length with a 
maximum head diameter of 400 microns, a maximum body diameter of 
660 microns, a maximum sucker diameter of 360 microns and a maximum 
length of the tentacles of the head of about 180 microns. In his generic 
diagnosis based on this species, he said that the lobes of the peristomium 
are provided with 4 or 5 papillae each; “the first seven trunk segments 
are furnished with dorsal appendages extending from the lateral border 
in a pointed band, the number of points usually 6, but on some segments 
7 or 8... penis eversible.” 


The specimens upon which this study is based are apparently larger 
than Hall’s (table 1). All the measurements which follow are of ten 
mature specimens selected for mounting and hence larger than the 
average for the entire series. The average is given first, followed by the 
range in parentheses for these ten specimens. The body length is 3.2 mm. 
(3.0-3.6 mm.). This difference between these animals and Hall’s is almost 
surely of no importance. The head diameter of the animals studied is .32 
mm. (.31-.40 mm,); the diameter of segment vi is .49 mm. (.39-.55 
mm.); sucker diameter is .31 mm. (.29-.35 mm.); the tentacles are .09 
mm. (.06-.11 mm.). No conclusions can be drawn by the comparison of 
these measurements with those made by Hall except that within some- 
what wide limits they are similar and there is almost surely a degree of 
overlapping in all of them. 


The oral papillae of specimens studied (fig. 4) number 14-16. It is 
difficult to count them, and one cannot be sure of the exact number in 
any case. The difference between Hall’s and the author’s counts are 
almost certainly due to this difficulty. 


Hall’s statement that the dorsal projections are on segments i to vii 
(“the first seven trunk segments”) is erroneous; his illustration shows 
clearly the first row of projections on segment ii. More importance should 
be attached to the statement that there are “usually 6” dorsal projections 
in each row. There are 8 projections on segment viii of the material 
studied as is apparently the case for Hall’s, and the other projection bear- 
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ing segments have four, sometimes five. There is some variability in this 
character and only more collecting can determine whether these dif- 
ferences constitute a specific or subspecific difference or whether they 
are simply an expression of intra-specific variability, Since the author's 
collection was taken from a region within the type locality of Halls 
species and there is doubt about all detectable differences, these speci- 
mens are assigned to C. thysanosomus. 


The penis of these animals is eversible as Hall states is true of his. 
A fuller description of the reproductive systems and other points not 
mentioned by Hall is presented below. 


Type Loca.ity.—Streams of Great Basin, Salt Lake City, Utah (Hall, 
1914: 191). 


AppiTionaL Loca.ity Recorps. — Evanston, Bear River, Wyoming, 
(Goodnight, 1940:65), on Pacifastacus gambelii (Girard). This is in the 
Great Salt Lake drainage and the record is probably valid. 


Paris, Idaho. Host: P. g. gambelii. Oct. 28, 1950. Collector: D. Eldon 
Beck (PCH 424, U.S. Nat. Mus. No. 29916). 


Brigham City, Box Elder County, Utah, two miles east of Brigham 
City on U.S. Highways 89 and 91. On P. g. gambelii taken from a cold, 
rocky, medium sized stream of the Wasatch Mountains, July 13, 1958. 
Collectors: P. C. and V. F. Holt (PCH 781, U. S. Nat. Mus. No. 29915). 


Disposirion OF MATERIALS.—Type specimens: Cat, No. 17708, U. S. 
Nat. Mus. (Bureau of Animal Industry Helminthological Collection) (Hall, 
1914: 191). 


Material upon which this study is based consists of several speci- 
mens mounted entire, U.S. Nat. Mus. Nos. 29915 and 29916, and 
numerous specimens, including serially sectioned ones, in the author's 
collection (PCH 424 and 781). 


Ceratodrilus orphiorhysis, n. sp. 
(Plate IV, figs. 13-16) 


Diacnosis.—About 3.0 mm. in length (preserved material); head 
with 4 tentacles which average 200 microns in length; with 6 dorsal pro- 
jections averaging 146 microns in length on segments ii to vii; segment 
viii with 8 projections which average 94 microns in length; dorsal pro- 
jections approximately 1/4 body diameter in length; spermiducal fend 
extending dorsad about 2/3 the diameter of the segment; prostate con- 
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sisting of a larger and more obvious prostatic bulb than that of C. 
thysanosomus, emptying into the lumen of the spermiducal gland near the 
ental end. 


Discussion.—C. ophiorhysis is closely related to C. thysanosomus, 
Externally, these species differ strikingly in appearance; a difference 
almost, if not entirely, due to differences in proportion. The general 
similarity of internal structures revealed by a study of prepared material is 
somewhat surprising. A more detailed account of the anatomy of both 
species is given here in the following section. 


C. ophiorhysis has been taken at several localities in the Snake 
River. Goodnight’s (1940:65) records of C. thysanosomus from Idaho 
and Oregon are here assigned to C. ophiorhysis on the basis of this dis- 
tribution. 


Type Locatity—Snake River, between Buhl and Wendel, Gooding 
County, Idaho. Host: Pacifastacus gambelii connectans (Faxon). July 14. 
1958. Collectors: P. C, and V. F. Holt and Judson Ford (PCH 786). 


AppiTIoNAL Locauity Recorps.—Burley, Cassia Co., Idaho, (Good- 
night, 1940: 65) on P. gambeliti. 


“Bvous” [=Burns], Harney County, Silver River, Oregon (Good- 
night, 1940: 65), on P. gambelii. 


Crow Creek, South River, Lincoln County, Wyoming. Host P. g. 
gambelii, Sept. 14, 1946. Collector: Tracey, (PCH 420). 


Shoshone Falls, — County, Idaho. Host: P. g. connectans. June 
15, 1928. Collector: D. Eldon Beck (PCH 423). 


Bridge, Cassia County, Idaho. From Raft River on county road 
between Bridge and Almo. Host: P. g. gambelii. July 13, 1958. Col- 
lectors: P. C. and V. F, Holt and Ray Bronson (PCH 782; U.S. Nat. 
Mus. No. 29913). 


Hagerman, Gooding County, Idaho. Cold spring in Snake River 
Canyon. Host: P. g. gambelii x g. connectans. Collectors: P. C. and V. 
F. Holt and Judson Ford (PCH 784; U.S. Nat. Mus. No. 29912). 


Idaho Fish Hatchery, Riley Creek, Gooding County, Idaho, From 
head race of fish hatchery. Host: P. g. connectans. July 14, 1958. Col- 
lectors: P. C. and V. F. Holt and Judson Ford (PCH 785; U.S. Nat. 
Mus. No. 29914). 


Disposition OF MATERIAL.—The holotype, U. S. Nat. Mus. No. 29910, 
and four paratypes, U.S. Nat. Mus. No. 29911 and those noted above, are 
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deposited in the United States National Museum. Three paratypes and the 
numerous remaining specimens are retained in the author's collection. 


REMARKS ON THE ANATOMY OF Ceratodrilus 


A genus based on two closely related species, one newly described, 
should be subjected to a careful anatomical study. The proper placing of 
any subsequently discovered allied species and an understanding of the 
evolution of the family depend on such studies. 


A minor task, however, takes precedence, The nomenclature applied 
to the various parts of the reproductive systems of the branchiobdellids is 
in a state of confusion and this opportunity is taken to define terms that 
will be used in the future for these structures, No implications of homology 
should be understood, though an effort has been made to use terms that 
apply to structures which, if not homologous throughout the Oligochaeta, 
are at least analogous and generally similar in structure. References are 
made to Stephenson (1930) where applicable; new usages are italicized. 


TERMS APPLIED TO THE MALE REPRODUCTIVE SYSTEM.—1.Testis. The 
testes of the branchiobdellids are paired proliferations of the posterior faces 
of septa 4/5 and 5/6, or 4/5 only, and are not patent in the adults of any 
described species known to the author. 


2. Morula. A morula is a group of spermatogonia or spermatocytes. 
The testis at maturity breaks up, releasing the morulae which with the 
resulting spermatozoa fill the coeloms of segments v and vi, or v in the 
case of Branchiobdella which has only one pair of testes (Stephenson, 
1930:443). 


3. Blastophore. A blastophore consists of the residual cytoplasm of a 
morula (Stephenson, 1930:446). 


4. Male funnels. Openings of efferent ducts into the coeloms of the 
testicular segments through which spermatozoa enter the male efferent 
system, common to all oligochaetes, are generally called the male funnels. 
A pair of funnels are located in the posterior ventral portion of each 
testicular coelom. 


5. Efferent ducts (vasa efferentia). The male funnels open into the 
efferent ducts which in turn unite ventrally to form a deferent duct for 
each testicular segment. 


6. Deferent ducts (vasa deferentia). The deferent ducts course in the 
ventral body wall and then freely in the coelom of segment vi where they 
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unite to form the spermiducal gland. 


2 Spermiducal gland. In the usage of Beddard (Stephenson, 1930: 
357), spermiducal glands are any glands associated with the male sys- 
tem. Here the term is restricted to a glandular organ formed by the union 
of the deferent ducts—the glandular “spermatic vesicle” of Moore (1895: 
520) and the “glandular atrium” of various authors. 


8. Prostate. A term used for various types of glands associated, 
usually directly, with the male reproductive system of the oligochaetes; 
it is here applied to the structure called the “accessory sperm tube” by 
Ellis (1912: 483). The prostate opens into the spermiducal gland, or the 
two unite at the point where the spermiducal gland becomes muscular to 
form the ejaculatory duct, and ends blindly entally. Histologically, the 
prostate may be similar to or different from the spermiducal gland. 


9. Prostatic bulb. The prostatic bulb is a bulb-like structure compos- 
ing the ental closed end of the prostate. It is formed of flattened, non- 
glandular cells and is not present in all species. 


10. Ejaculatory duct (Holt, 1949:542). The ejaculatory duct is a 
muscular portion of the male reproductive system between the spermi- 
ducal gland and the penis formed by its ectal end, It was called the 
muscular sperm sac by Moore (1895: 521). 


11. Bursa. The ectal muscular portion of the male reproductive 
system is usually called the bursa. The following portions of this organ 
are here recognized: a. penial sheath (Moore, 1895: 521). The penial 
sheath is a muscular investment of the protrusible or eversible portion of 
the ejaculatory duct which forms the penis and is similar to the “atrial 
sac” described by Benham and called the penial sac by Stephenson 
(1930: 348). b. penis. The protrusible or eversible, possibly intromittent, 
ectal portion of the ejaculatory duct is known as the penis. c. atrium, The 
atrium is a sac-like invagination of the body wall forming a cavity into 
which the penis opens when withdrawn. The muscular wall of the atrium 
is continuous with the penial sheath and is eversible in most, not all, 
genera of the branchiobdellids. 


12. Male pore. The outlet pore of the bursa through which the penis 
everts or is protruded is generally referred to as the male pore. 


TERMS APPLIED TO THE FEMALE REPRODUCTIVE SYSTEM.—The ovaries 
and ovipores constitute the primary female organs of the branchiobdellids. 
They are located in segment vii. The unpaired spermatheca of segment v 
varies enough in structure to justify the introduction of a few descriptive 
terms. 
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1. Spermathecal bursa, An invagination of the body wall surrounding 
the outlet pore of the spermatheca is here recognized and named the 
spermathecal bursa. In some species it may be eversible. 


2. Spermathecal duct. The spermathecal duct is a glandulo-muscular 
part of the spermatheca which does not normally store spermatozoa 


(Holt, 1955: 29). 


3. Median duct. Usually absent, the median duct is a narrowed 
region which connects the enlarged spermathecal duct of some species and 
the spermathecal bulb. 


4. Spermathecal bulb. The spermathecal bulb is a thin walled por- 
tion of the spermatheca, usually expanded, serving for the storage of 
spermatozoa and sometimes glandular in structure (Holt, 1955: 29). 


5. Ental process. The ental process is a narrowed, glandular, ental 
projection of the spermathecal bulb. 


Bopy SHAPE AND sizE.—The general appearance of the worms treated 
in this paper is best presented visually (figs. 4, 11 and 13). The mea- 


Table 1. A comparison of Ceratodrilus thysanosomus and of C. ophior- 
hysis with respect to six characters. (all measurements are in 
millimeters and are based on ten animals.) 


C. thysanosomus C. ophiorhysis 
Average Range Average Range 
Head 
length AT .45-.51 AT A0-.51 
diameter 32 .31-.34 33 .28-.37 
Body 
length’ 2.76 2.57-3.08 2.52 2.01-2.80 
Diameter 
Segment i 30 .28-,34 39 .24-.34 
Segment vi AQ 40-.55 53 A0-.81 
Sucker 31 .29-.35 36 .28-.40 


exclusive of head. 
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surements given in table 1 are comparable* and show that C. ophiorhysis 
apparently tends to be a slightly shorter and thicker worm. C. thysanoso- 
mus has proportionally much shorter dorsal projections and cephalic 
tentacles and the body is usually flexed to a greater extent. The result is 


that the subjective impression is the reverse of what the measurements 
show. 


The most obvious differences between the two species of Ceratodrilus 
are the lengths of the cephalic tentacles and dorsal projections. The 
measurements presented in table 2, and a comparison of the illustrations 
(figs. 11 and 13), show that there is no overlap in the lengths of 
characters; that the tentacles and projections of C. ophiorhysis are con- 
sistently twice, or more, the length of those of C. thysanosomus. 


The digestive, circulatory and nervous systems of the branchiobdellids 
furnish little in the way of variety of use in systematics. No attempt was 
made to study these systems in Ceratodrilus. The gut is straight and 
sacculated in each segment in contrast to the loops in the segment vii of 


Table 2. A comparison of lengths of the dorsal projections of segments 
ii, iv, vi, viii and of the cephalic tentacles of Ceratodrilus 
thysanosomus and C. ophiorhysis. (the figures are given in 
microns and are based on ten animals of each species selected 
at random and mounted entire in balsam.) 


C. thysanosomus 


C. ophiorhysis 


Average Range 


Average Range 
Dorsal Projections 
of Segments 
ii 53 24-95 176 119-254 
iv 52 32-80 146 119-198 
vit «44 24-64 87-151 
Viii oe 44 32-56 94 71-111 
Cephalic 
Tentacles 88 56-111 201 135-278 


‘The animals were collected on successive days. Ten, randomly selected for mounting 


entire, were measured. 
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Xironogiton, and empties dorsally through the anus on segment ix. 


Oral papillae have been mentioned by a few authors other than Hall, 
Yamaguchi (1934:195) remarked that there are sixteen for one of his 
species. No one seems to have determined whether or not the numbers 
of these structures vary among the branchiobdellids. There appear to be 
(fig. 4) sixteen in Ceratodrilus ophiorhysis, 


Jaws. — The jaws of the branchiobdellids are cuticular thickenings of 
the posterior pharyngeal region located presumably in the posterior part 
of the first cephalic segment (the segmentation of the Sead” of the 
branchiobdellids is not entirely clear). The size, shape and general ap- 
pearance of these structures seem to be similar for groups of species, 
hence of some importance as generic characters. Those of the species of 
Ceratodrilus are relatively heavy, dark in color, crescentic in dorsal or 
ventral views (figs. 15 and 16), triangular in lateral view and essentially 
rectangular in frontal view. The dorsal jaw bears seven teeth; the ventral, 
six. Hall’s (1914: 191) illustrations show the frontal aspect of the jaws 
of Ceratodrilus thyanosomus quite well. The jaws of the species of 
Cirrodrilus are markedly triangular in frontal aspect and those of Cerato- 
drilus are not closely similar to those of any branchiobdellids known to the 
author. 


NEPHRIDIOPORE. Hall (1914: 191) was unable to determine whether 
the anterior nephridia of C. thysanosomus have a common opening or 
separate ones. Yamaguchi in his diagnosis of Stephanodrilus [== Cirro- 
drilus] said that there are paired ones in this genus. Goodnight (1940:63) 
apparently accepted this condition as true of Ceratodrilus when he con- 
curred with Yamaguchi’s opinion that these genera should be united. As 
remarked above, the nephridia of Ceratodrilus open to the outside through 
a common pore located mid-dorsally on the transverse ridge of segment 
iii (fig. 9). The outlet ducts of the nephridia enter the body wall later- 
ally and course dorsad between the longitudinal and circular muscles. At 
the point of junction of these two ducts there is a slight dilation. Asso- 
ciated with this junction are a few cells which take a deeper basic stain 
than do those of the nephridial ducts and are apparently glandular in 
nature. The common outlet duct is quite short, the lumen is essentially 
collapsed and the nephridiopore itself is not raised above the surrounding 
part of the dorsal ridge. A common nephridiopore is characteristic of the 
genera Cambarincola Ellis, Bdellodrilus Moore and Pterodrilus Moore. 


THE MALE REPRODUCTIVE SYSTEM. The anatomical studies reported 
here concern structures which vary from one group of branchiodbellids 
to another and are, therefore, of importance in systematic studies. The 
various parts of the male reproductive system differ somewhat in size 
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Table 3. A comparison of selected dimensions of the reproductive organs 
of Ceratodrilus thysanosomus and C. ophiorhysis, (the figures 
are given in Microns and are based on ten animals of each 
species, selected at random and mounted entire in balsam.) 


C. thysanosomus C. ophiorhysis 
Average Range Average Range 

Length of 

Bursa 286 244-339 300 260-331 
Diameter of 

Bursa 154 118-173 157 118-181 
Length of 

Spermiducal 

Gland 318 276-434 283 237-355 
Diameter of 

Spermiduca] 

Gland 111 94-118 89 79-94 
Diameter of 

Spermathecal 

Duct 120 111-142 102 _ 79-118 
Diameter of 

Spermathecal 

Bulb 112 79-142 110 94-126 


in the two species and a series of measurements of these are reported 
here (table 3). It is felt that ultimately such measurements, when treated 
statistically, may be of value in defining closely related species. C. thysano- 
somus and C. ophiorhysis are distinct in other respects and no attempt 
was made to determine the level of significance of the differences of 
means in the measurements reported. 


The measurement of these structures is difficult, since they often 
lie obliquely to the horizontal plane. Those for the diameter of a cylindri- 
cal organ are felt to be somewhat more reliable than the others. The 
bursae of the two species appear to be of the same size. The spermiducal 
gland of C. thysanosomus is larger than that of C. ophiorhysis; a notice- 
able difference which accounts for the more crowded appearance of seg- 
ment vi of the former species. The spermatheca of C. thysanosomus may 
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also be somewhat larger than that of C. ophiorhysis. 


Other than that both segments v and vi are testicular segments, 
the testes of Ceratodrilus are not apparent at maturity and nothing fur- 
ther can be said about them. The coeloms of the mature testicular seg- 
ments are filled with spermatozoa. The male funnels of the branchiobdellids 
do differ from species to species in shape and size; those of Ceratodrilus 
flare widely and are somewhat shorter in total Iength than the diameter 
of the flared ental end, C. ophiorhysis may possess funnels with a some- 
what wider ental end, but this subjective opinion is unconfirmed by 
measurements. Some variability in the location of the funnels seems to 
occur: in C. thysanosomus both funnels of a segment have been found 
on the same side of the segment quite close together, an arrangement of 
the funnels not known for any other branchiobdellid. Nothing of impor- 
tance was noticed concerning the efferent and deferent ducts. 


Spermiducal gland: The spermiducal gland of Ceratodrilus is his- 
tologically similar to that of other species of branchiobdellids (Moore, 
1895: 521; Holt, 1949: 542, 552). Since the organ is composed of a 
glandular lining epithelium covered with a thin muscular coat and a 
thinner peritoneal laver, the gland cells are verv tall columnar cells 
with basal nuclei. Thev contain droplets of secretory material towards 
their outer ends (fig. 10). Occasionally, there are cilia present projecting 
into the lumen of the gland (one specimen of C. ophiorhysis), but ap- 
parently this is not characteristic. Alwavs there is a meshwork of se- 
creted material in the lumen of the gland. 


The deferent ducts enter the gland at its ental end and in C, thy- 
sansomus the gland is indented, not as much as in some species of 
Cambarincola, between the places of entry of the ducts, but more, as 
far as could be determined, than in C. ophiorhysis (figs. 12 and 14). The 
difference in size of the spermiducal glands of the two species of 
Ceratodrilus has been commented upon above. Cambarincola and Ptero- 
drilus have spermiducal glands most nearly like that of Ceratodrilus 
among the genera of branchiobdellids which are well known. 


Prostate: The prostate of both species of Ceratodrilus is reduced to 
nothing other than the prostatic bulb. That of C. ophiorhysis, however. 
is more apparent in whole mounts (fig. 14); while that of C. thysano- 
somus frequently cannot be seen at all in such preparations (fig. 12). 
The prostatic bulb consists of flattened epithelial cells that, from their 
appearance in hematoxylin-eosin stained sections, may well be muscular 
(fig. 10). The cavity of the bulb communicates directly by a very nar- 
row, hardly perceptible, lumen which is filled with a secretion, with the 
lumen of the spermiducal gland. A prostate in developed form is found 
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in the genera Cambarincola and Pterodrilus, The prostatic bulb is found 
in some species of Cambarincola. In both these genera the prostate, 
lying closely applied to the spermiducal gland and enclosed with it by 
the peritoneal covering, opens into the lumen of the spermiducal gland 
at the point where it becomes muscular to form the ejaculatory duct. 


Ejaculatory duct: Histologically, the ejaculatory duct resembles that 
of other branchiobdellids in which it occurs (Holt, 1949:542, 553). It is, 
however, relatively prominent in Ceratodrilus (figs. 12 and 14) and the 
lumen is distinct. This structure is called the muscular sperm sac by 
Moore (1895:521) and is apparently not distinguished from the penial 
sheath by many authors who call all parts of the male reproductive system 
ectad to the deferent ducts the atrium. It is known to be absent in 
Xirondrilus and in some species of Branchiobdella. 


Bursa: The atrial part of the bursa is fairly large in Ceratodrilus 
(table 3) and as always consists of an invagination of the body wall. It 
is subspherical in shape (figs. 12 and 14) and is eversible (fig. 7). The 
inner edge of the inwardly projecting laver of epitheliomuscular lining 
epidermis of the withdrawn atrium (fig. 3) becomes the outer rim of the 
cup-like, everted atrium (fig. 7). The muscles of the atrium proper are 
primarily circular with reference to the organ itself, although the organ 
is so heavily muscular and the muscle fibers are so hard to trace, that the 
presence of radial muscles, at least, is not ruled out. The penis projects 
into the ental portion of the cavity of the atrium. In short, the atrium of 
Ceratodrilus is much like that of other branchiobdellids. 


The penial sheath is limited entally by the narrowing of the ejacula- 
torv duct and the beginning of a covering of longitudinal (in reference 
to the organ itself) muscle fibers. Ectally, the penial sheath ends at the 
point where the circular muscles of the atrium and the longitudinal ones 
of the sheath are joined. In Ceratodrilus there is a distinct outer indenta- 
tion at this point; in other words, the penial sheath is less in diameter 
than the atrium (figs. 12 and 14), The penial sheath is composed of 
two muscle lavers, the outer longitudinal one mentioned and an inner 
circular laver which may be derived from that of the atrium, but which are 
continuous with the muscle layer of the ejaculatory duct. This inner 
layer of muscle cells forms strands which traverse the space between the 
sheath and the penis and attach to the Iatter, serving, one supposes, to 
withdraw the penis (figs. 3 and 6). 


The penis is a continuation of the lining epithelium of the ejacula- 
tory duct and when completely withdrawn into the penial sheath is 
folded several times in the ectal part of the sheath (fig. 6), but may be 
completely everted to form a rather membranous structure somewhat 
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expanded at the outer end (fig. 7) 


Whether the eversible penis of Cirrodrilus is like that of Ceratodrilus 
cannot be determined without a direct comparison, but Yamaguchi’s 
figure (1934:195) shows the bursa and penis of Stephanodrilus [= Cirro- 
drilus inukaii] to be rather like that of Ceratodrilus except for the short- 
ness of the penial sheath which is simply the ental part of the atrium. 


THE FEMALE REPRODUCTIVE SYSTEM. As remarked above, the female 
reproductive system proper of Ceratodrilus is not noticeably different 
from that of other branchiobdellids. 


SPERMATHECA. The spermatheca of Ceratodrilus is a large organ. The 
bursal part consists of an inturning of the body wall to form a narrow 
canal of no great extent (fig. 8) lined with an epidermis continuous with 
and similar to that of the body wall. The spermathecal duct, which is 
narrow in such species as Cambarincola macrodonta Ellis (Holt and 
Hoffman, 1959: 101), is quite thick in Ceratodrilus and_ constitutes 
roughly half the length of the entire organ. It is lined with very tall glan- 
dular cells whose outer ends, which project into the lumen of the duct, 
are separated from each other. The nuclei of all these cells are located 
basally. This part of the spermatheca is enclosed by two muscle layers; 
an outer circular one and an inner longitudinal one. The spermathecal 
duct passes over into the spermathecal bulb without any increase in 
diameter of the bulb over the duct part of the organ (table 3); indeed 
in C. thysanosomus the bulb seems to be slightly Tess in total diameter 
than the duct, while the reverse mav be true for C. ophiorhysis. The 
great increase in the diameter of the lumen of the bulb is accounted for 
by the absence of the longitudinal laver of muscles, the reduction in size 
of the outer circular muscle cells and the great decrease in the height 
of the cells of the lining epithelium which here are flattened (fig. 8). 
Generally the lining epithelivm of the spermathecal bulb appears to be 
simply that of a lining epithelium, but in one specimen of C. thysanosomus 
these cells appear gl: indular, produce clear globules of what may be a sec- 
retory material at their free borders and are ciliated (fig 5). Apparently, 
this represents some sort of physiologically distinct phase in the activity of 
the spermatheca, since this condition was not observed in other individuals. 


Entally, the spermatheca ends in a process in which no spermatozoa 
are found. The apparent length of this process is variable, but it is always 
present and the lining epithelium is of a different character from that 
of the bulb; the cells of this region are composed of a denser and darker 
staining cytoplasm. Frequently, the process is invaginated at its ental end 
(fig. 8) and that of C. thysanosomus may be slightly longer than that of 
C. ophiorhysis. 
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There are no specific differences which are clearly constant between 
the spermathecae of the species of Ceratodrilus, The organ is generally 
similar to that of other branchiobdellids, but differs in the diameter of 
the spermathecal stalk from that of Cambarincola and the ental process 
is not common in the genera known to the writer. 


Much remains to be learned about Ceratodrilus. Many more collec- 
tions are needed from the Snake River basin and nearby regions. Nothing 
is known of the ecology of the animals. Much more study of the range 
of morphological variability of C. thysanosomus should be done and its 
distribution in the relict streams of the Great Basin studied in detail. It 
is hoped that this report of what is known about this interesting genus 
will encourage workers with a ready access to these regions to investigate 
some of these problems. 


SUMMARY 


The history of previous treatments of the genus is reviewed and 
Hall’s generic name, Ceratodrilus, is revived. Ceratodrilus is separated 
from Cirrodrilus Pierantoni by the presence of four instead of eight 
peristomial tentacles; by the presence of a prostate in the form of a 
prostatic bulb; by the deferent ducts entering the spermiducal gland at 
its ental end instead of along the midlength of the organ; by the absence 
of a median duct of the spermatheca; and by the presence ‘of a common 
opening instead of paired ones of the anterior nephridia. A revised diag- 
nosis of C. thysanosomus Hall and a diagnosis of C. ophiorhysis, n, sp., are 
presented and compared. The anatomy of the genus is discussed with 
particular emphasis placed on characters which varv from one group of 
branchiobdellids to another. Terms applicable to the branchiobdellid 
reproductive systems are defined and some new ones introduced. 


LITERATURE CITED 
Ellis, Max M. 1912. A new discodrilid worm from Colorado. Proc. U. S. 


Nat, Mus. 42: 481-486. 


Goodnight, C. J. 1940. The Branchiobdellidae of North American crav- 
fishes. Ill. Biol. Monogr, 17(3): 1-71. 


Hall, M. C. 1914. Description of a new genus and species of the discodrilid 
worms, Proc. U. S. Nat. Mus. 48: 187-193. 


72 THE VIRGINIA JOURNAL OF SCIENCE [April 


Holt, P. C. 1949. A comparative study of the reproductive systems of 
Xironogiton instabilius instabilius (Moore) and Cambarincola phila- 
delphica (Leidy) (Annelida, Oligochaeta, Branchiobdellidae). Jour. 
Morph. 84(3): 535-572. 


—. 1953. Characters of systematic importance in the family 
Branchiobdellidae (Oligochaeta). Va. Jour. Sci., 4(2): 57-61. 


——————. 1955. A new branchiobdellid of the genus Cambarincola (Oligo- 
chaeta, Branchiobdellidae) from Kentucky. Jour. Tenn. Acad. Sci. 
30(1): 27-31. 


. and R. L. Hoffman. 1959. An emended description of Cam- 
barincola macrodonta Ellis with remarks on the diagnostic characters 
of the genus (Oligochaeta, Branchiobdellidae). Jour. Tenn. Acad. Sci. 
34(2): 97-104, 


Moore, J. P. 1894. On some leech-like parasites of American crayfish. 
Proc. Acad. Nat. Sci. Phila. 45(for 1893): 419-428. 


—————~—. 1895. The anatomy of Bdellodrilus illuminatus, an American 
discodrilid. Jour. Morph. 10: 497-540. 


Pierantoni, V. 1905. Cirrodrilus cirratus, n.g.n.sp. Parasita delf Astacus 
japonicus. Ann, Mus. Zool. Univ. Napoli. N. S. 1(31). 


. 1906. 2 nuovi discordridi del Giappone e della California. Ann. 
Mus. Zool. Univ. Napoli. N. S. 2(11). 


—. 1912. Monografia dei Discordrilidae. Ann. Mus. Zool, Univ. 
Napoli. N.S. 3(24). 

Stephenson, J. 1930. The Oligochaeta, Oxford. 

Yamaguchi. H. 1932a. On the genus Cirrodrilus Pierantoni, 1905, with 


a description of new Branchiobdella from Japan. Ann. Zool. Japan. 
13(4): 361-367. 


——————. 1932b, Description of a new branchiobdellid, Carcinodrilus 
nipponicus, n.g.n.sp. Jour. Fac. Sci. Hokkaido Imp. Univ. 2(ser. 6) 
(1): 61-67. 


——————. 1932c. A new species of Cambarincola, with remarks on 
spermatic vesicles of some branchiobdellid worms. Proc. Imp. Acad. 
8(9): 454-456. 


—---- . 1933. Description of a new  branchiobdellid, Cambarincola 
okadai n. sp., parasitic on American crayfish transferred into a 
Japanese Lake, Proc. Imp. Acad. 9(4): 191-193. 


( 
( 


1960 | Hott — Tue Genus Ceratodrilus Hau 73 


—----— . 1934. Studies on Japanese Branchiobdellidae with some revis- 
ions on the classification. Jour. Fac. Sci. Hokkaido Imp. Univ. 3 
(ser. 6) (3): 177-219. 


EXPLANATION OF PLATES 


All figures, except fig. 1, which is adapted from Yamaguchi (1934: 
194) and fig. 2, were drawn with the aid of a camera lucida. 


Legend. — a, atrium; b, bursa; cp, cephalic tentacles; dd, deferent 
duct; ejd, ejaculatory duct; enp, ental process of spermatheca; esg, lining 
epithelium of spermiducal gland; j, jaw; jn, junction of nephridi: al outlet 
ducts; np, nephridiopore; op, oval papillae; p, penis; pb, prostatic bulb; 
ps, penial sheath; sb, spermathecal bulb; sd, spermathecal duct; sg, 
spermiducal gland; spb, spermathecal bursa. 
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Plate I 
Explanation of Figures 


. Male deferent apparatus of Stephanodrilus inukaii, after Yamaguchi 


(1934:194). 


. Distribution of Ceratodrilus. Circles indicate records for C. thysanoso- 


mus; triangles records for C. ophiorhysis. Solid figures indicate Holt’s 
records; open ones, Goodnight’s. 


. Oblique section of penial sheath, penis and atrium of C. ophiorhysis. 
. Ventral view of head of C. ophiorhysis. 

. Portion of wall of spermathecal bulb of C. thysanosomus. 

. Longitudinal section of penial sheath and penis of C. thysanosomus. 
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Plate II 

7. Longitudinal section of everted bursa and penis of C, thysanosomus 

8. Longitudinal section of spermatheca of C. ophiorhysis. 

9. Longitudinal section through the nephridiopore of C. thysanosomus. 

10. Section through prostatic bulb and portion of spermiducal gland of 
C. ophiorhysis. 
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Plate III 
11. Outline drawing of C. thysanosomus. 
12. Lateral view of reproductive organs in segments v and vi of C. 
thysanosomus. 
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Plate IV 


13. Outline drawing of C. ophiorhysis. 

14, Lateral view of reproductive organs of C. ophiorhysis. 
15. Upper jaw of C, ophiorhysis. 

16. Lower jaw of C. ophiorhysis. 
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[ April 


General Program Of The 38th Annual Meeting 


4:00 p.m. to 10:00 p.m. 


5:00 p.m. to 10:00 p.m. 
8:00 p.m. 


8:00 a.m. 


9:00 a.m. 


9:30 a.m. 


to 10:00 p.m. 


. to 
. to 


to 12:15 p-m. 


. to 3:00 p.m. 


ExnisiTors. MEZZANINE, HOTEL JEFFERSON 


Wepnespay, May 11, 1960 


Registration for Junior Academy Members 
and Participants in the Science Talent Search. 
Ball Room 


Arrangement of Exhibits. Ball Room 


Virginia Junior Academy of Science Commit- 
tee Meeting. Confederate Room 


TuHurspay, May 12, 1960 


12:15 p-m. 
3:00 p.m. 


Registration and arrangements of Exhibits. 
Ball Room 


Meeting of Science Exhibit Judges, Empire 
Room 


Meeting of Science Talent Search Judges. 
Flemish Room 


Meeting of Sponsors, Exhibitors, and Science 
Talent Search Participants and Judges, Em- 
pire Room 


Finalists of Talent Search meet with Chair- 
man and Interviewers. Dining Room A, Rebel 
Room, Dominion Room, Confederate Room, 
Randolph Room 


Judging of Science Exhibit Contest. (En- 
couragement of Juniors at their Exhibits.) 
Ball Room 


Section 


of Science Teachers. Washington 
Room 


Meeting of the Council, Glasgow House, One 
West Main Street 


= 
| 
10:00 | 
1:15 p.m 
10:00 
1:15 pn 
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3:00 p.m. Business Meeting of Junior Academy of 
Science. Empire Room 

4:30 p.m. Meeting of Section Editors. Confederate 
Room 

5:30 p.m, Meeting of Junior Academy of Science Com- 


mittee. Empire Room 


8:00 p.m. Annual Academy Conference. Empire Room 


Fripay, May 13, 1960 


8:30 a.m. to 10:00 p.m. Registration, Lobby, Jefferson Hotel 


9:00 a.m. Section Meetings. See the detailed Section 
Programs for the time Schedule of Papers. 


Agricultural Science Section — Washington 
Room 


Astronomy, Mathematics, and Physics — 
Friday: Intermediate Room. Second Floor, 
Educational Building, Second Baptist 
Church, 7 West Franklin Street. Saturday: 
Assembly Room, Second Floor, Y.M.C.A. 


Bacteriology — Randolph Room 
Biology — Empire Room 

Chemistry — Flemish Room 
Education — Dining Room A 
Engineering — Y.M.C.A, Game Room 


Geology — Blue Room, Educational Build- 
ing, Basement Second Baptist Church, 7 
West Franklin Street 


Medical Science — Junior Department, Rear 
of Second floor Educational Building, Sec- 
ond Baptist Church, 7 West Franklin Street 
Psychology — Dominion Room and Confed- 
erate Room 


Statistics — Monticello Room 
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9:30 a.m. to 11:00 a.m. Coffee Hour — Academy Members, wives 
and Guests. Hostesses will be glad to assist 
the ladies in their plans for the day. Mez- 
zanine, Hotel Jefferson 


12:00 noon to 2:00 p.m. Virginia Junior Academy of Science 
Assembly Room, Basement, Sanctuary Build- 
ing, Second Baptist Church (See program 
for Junior Academy) 


12:15 p.m. to 1:15 p.m. Recess for Luncheon 
1:30 p.m. Section Meetings 
6:00 p.m. to 8:00 p.m. Recess for Dinner 


8:00 p.m. Virginia Academy of Science Assembly. Ball 
Room 


Welcome to Academy — Colonel Fitzroy, 
Administrator of the University Center in 
Virginia 

Short Business Meeting, Election of Officers 


Presentation of the J. Shelton Horsley Re- 
search Award 


Guest Speaker: Dr. Harry F. Harlow, Pro- 
fessor of Psychology, University of Wis- 
consin and Past President of the American 
Psychological Association 


Subject: “ A Theory of the Development of 
Affection in Primates.” 


The General Public is invited to attend 


SaTurpDAy, May 14, 1960 


Section Meetings 


10:00 a.m. Meeting of the Council of the Academy. 
Glasgow House, One West Main Street 


9:00 a.m. 
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Program Of The Virginia Junior 


Academy Of Science 


WepnEspay, May 11, 1960 


to 10:00 p.m. Registration and Arrangement of Exhibits. 
Ballroom. (Report to Registration and As- 
signment tables). 


Virginia Junior Academy of Science Commit- 
tee meeting, Confederate Room. 


Tuurspay, May 12, 1960 


— 10:00 am. Registration and Arrangement of Exhibits. 
Ballroom. (Report to Registration and As- 
signment tables) 


Meeting of Science Exhibit Judges. Empire 
Room 


Meeting of Talent Search Judges. Flemish 
Room 


Meeting of Sponsors, Exhibitors, Science 
Talent Participants and Judges. Empire 
Room 


10:00 a.m. Meeting of Club Sponsors. Empire Room 


10:00 a.m. to 12:15 p.m. Finalists for Talent Search meet with Chair- 

1:15 p.m. to 3:00 p.m, man and Interviewers. Dining Room A, Rebel 
Room, Confederate Room, Dominion Room 
and Randolph Room 


10:00 a.m. to 12:15 p.m. Judging of Science Exhibits. Ballroom 
1:15 p.m. to 3:00 p.m. 


3:00 p.m. Business Meeting of Virginia Junior Academy 
of Science. Empire Room 
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4:30 p-m. 


8:00 p.m. to 10:30 p-m. 


9:00 a.m. 


12:00 noon to 2:00 p-m. 


2:30 p.m. 


Virginia Junior Academy of Science Com- 
mittee meeting. Dominion Room 


Dance and Social Hour. White Students — 
Student Union, Medical College of Virginia. 
Colored Students — Virginia Union Univer- 
sitv 


Fripay May 13, 1960 


Participation in the Senior Academy Section 
Meetings 


Virginia Junior Academy of Science Assembly 
and Awards Hour. Assembly Room, Second 
Baptist Church, 13 West Franklin Street. 
Guest Speaker: Dr. Vincent Schaefer, Con- 
sultant, Schenectady, New York 


Exhibits may be dismantled 


Section Of Science Teachers 


A. B. Niemeyer, Jr. — Chairman 
Virginia Ellett —- Chairman Elect 
Robert Horne — Secretary 
Alan Mandall — Section Editor 


Tuurspay, May 12, 1960. 1:20 P.M. WasHincron Room 


THEME: “Recent Advancements in Science Teaching in Virginia High 


Schools.” 


1:00 — 1:20 — Business Session 


1. 1:20—1:40—On The State Level — 
Franklyn Kizer; Assistant Supervisor of Secondary Education 


2. 1:40—2:00—From Augusta County 
S. G. Stewart — Director of Instruction 
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3. 2:00—2:20—From Fairfax County 
William S, Graybeal — Director of Secondary Education 


4, 2:20—2:40—From Richmond City 
L. D. Adams — Assistant Superintendent 


5. 2:40-3:00 From Norfolk County 
M. E. Alford — Assistant Superintendent 


Section Of Agricultural Science 


Current Officers (1959-60) : 
Maurice B. Rowe, III, Chairman 
Wm. H. Brittingham, Vice-Chairman 
Carl W. Allen, Secretary 
Paul B. Siegel, Section Editor 


Fray, May 13, 1960, 8:30 A.M. WasHINGToN Room 


8:30 Call to order by Chairman. Announcements and Committee 
Appointments 


1. 8:45 Photoperiodism in Turkeys, 
A. T. Leighton, Jr.; Virginia Polytechnic Institute 


9:00 Susceptibility of Three Breeds of Chickens to Blackhead. 
E. E. Lund; Animal Disease and Parasite Research Division, 
Agricultural Research Service, Beltsville, Maryland 


to 


3. 9:15 A Modified Extraction-Titration Test for Detecting Rancidity 
of Milk and Cream. 


W. K. Stone and P. M. Large; Virginia Agricultural Experiment 
Station 


4. 9:30 The Effect of Dietary Sodium Bromide Level upon the Rats’ 
Growth and Carcass and Liver Bromide Levels. 
Russell F. Miller and Janet M, Paulsen; Virginia Agricultural 
Experiment Station 


5. 9:45 Season and the Blood Picture of Sheep and Goats. 
Lubow A. Margolena; Animal eheiien Division, Agricultural 
Research Service, Beltsville, Maryland 


10. 


11. 


12. 


13. 


14. 


15. 


16. 
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. 10:00 Genetic Parameters Concerned with Feed Efficiency in Full 


Fed Beef Cattle. 
James A. Gaines; Virginia Polytechnic Institute 


10:15 Break 


. 10:25 The Effect of Various Levels of Lysine in the Diet on Muscle 


Development and on the Various Blood Phenomena of Growing 
Swine. 

G. M. Cahilly, R. F. Kelly, C. C. Brooks, and P. P. Graham; 
Virginia Agricultural Experiment Station 


. 10:40 Effectiveness of Three Management Systems for the Control 


of Internal Parasites in Lambs. 

J. H. Turner, K. C. Kates, I. Lindahl, G. E. Whitmore, and 
F. D. Enzie; Animal Disease and Parasite Research Division, 
Agricultural Research Service, Beltsville, Maryland 


10:55 Guest speaker, Edward M. Hoshall, Chief Chemist, 
Food Additives and Pesticide Residues. Baltimore District, 
Food and Drug Administration 


11:35 Pesticide Residues. 
James F. Eheart, P. H. Massey, Jr., E. C. Turner, and Jean 
Dickinson; Virginia Agricultural Experiment Station 

11:50 Calcium Sources for Peanuts, 
D. L. Hallock; Virginia Agricultural Experiment Station, 
Holland 

12:00 Adjourn for Lunch. 


1:15 The Effect of Soil Component on the Development and Survival 
of Sting Nematode. 


Lawrence Miller; Virginia Agricultural Experiment Station, 
Holland 


1:30 Two Recent Developments of Great Significance in Corn 
Growing. 
W. W. Moschler; Virginia Agricultural Experiment Station 


1:45 Detection of Seed Treatment, 


C. F. Bruce and W. F. Crosier; Virginia Department of 
Agriculture 


2:00 The Soybean Cyst Nematode: A New Virginia Pest. 
W. H. Matheny; Virginia Department of Agriculture 


2:15 Ammonium in Certain Virginia Soils. 
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17. 


18, 


21. 


2:30 


3:00 


3:30 


3:45 


4:00 


4:30 
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C, I. Rich; Virginia Agricultural Experiment Station 


Effectiveness of Phosfon as a Chemical Height-Retardant on 
Potted Chrysanthemums and Easter Lillies. 


Charles R. Downing and Staley L. Felton; Virginia-Carolina 
Chemical Corporation 


The Identification of Paint Oils Via Gas-Liquid Chromatography. 
W. L. Zielinski, Jr., W. V. Moseley, Jr., and R. C. Bricker; 
Virginia Department of Agriculture 


Break 


What Can an Agricultural Economist Contribute to Research 
in the Physical Sciences? 

Ross V. Baumann; Farm Economics Research Division, Agri- 
cultural Research Service, Washington, D. C. 


The Role of Expectations in Agricultural Supply Response. 
Olman Hee; Statistical and Historical Research Agricultural 
Marketing Service, Washington, D. C. 


Peanut Supply Functions and Their Implications for Program 
Policy. 

D. Upton Livermore; Virginia Polytechnic Institute 

Using Time and Cost Techniques to Reduce Cost in Virginia’s 
Egg Marketing Firms. 

E. C. Garland, Jr.; Virginia Department of Agriculture 
Influence of Technological Development on the Handling of 
Virginia Grade-A Milk. 

R. F. Hutcheson; Virginia Department of Agriculture 


Business Meeting. 


22. 
23. 4:15 
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Section Of 
Astronomy, Mathematics, And Physics 


Robert C. Yates, Chairman 
Andrew Robeson, Secretary 
Irving G. Foster, Section Editor 


Friday, May 13, 1960. Intermediate Room, Second Floor 
Educational Building, Second Baptist Church, 7 West Franklin Street 


9:00 Announcements and Remarks by the Chairman 


1, 9:10 An Ultra-high Vacuum System for the Deposition of Thin 
Metallic Films. 


Calvin O. Tiller, Virginia Institute for Scientific Research 


2. 9:25 Structure of Ag Films Deposited on a Single Crystal of NaCl. 
Billy W. Sloope, University of Richmond (Work done at 
Virginia Institute for Scientific Research) 


3. 9:40 An Apparatus for Measuring the Angular Distribution of the 
Two-gamma Annihilation of Positrons. 
William C. Doughty, Hampden-Sydney College 


4. 9:55 Angular Correlation of Annihilation Radiation, 
R. S. Cortesi, University of Virginia 


5. 10:10 A Continuously Varying Cooling Stage for X-Ray and Optical 
Studies. 
J. F. Wilkins and T. E. Leinhardt, Virginia Polytechnic In- 
stitute 


6. 10:25 A Far Infrared Monochromator for Use at Low Temperatures. 


Robert J. Bell and T. E. Leinhardt, Virginia Polytechnic In- 
stitute 


7. 10:40 Uranium Uptake in Nuclear Emulsions. 
R. E, Garrett, Hollins College 


8. 10:55 Measurement of the Electron and other Small Charges by the 
Magnetic Balance Method, 
J. W. Beams, University of Virginia 


the 
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9. 


10. 


11. 


14. 


16. 


17. 


18. 


20. 


11:10 


11:25 


11:40 
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Transversal Doppler Shift Using the Mossbauer Effect. 
J. W. Beams and S. Berko, University of Virginia 
Molecular Weights. 
R. D, Boyle and P. E. Hexner, University of Virginia 
Production of High Vacua with a Magnetically Supported 
Centrifuge. 
C. E. Williams, University of Virginia 


5 Photoneutron Cross Sections for Cobalt and Manganese. 


P. A. Fluornoy, R. S. Tickle and W. D, Whitehead, University 
of Virginia 


12:10 to 1:15 Luncheon Recess 


1:35 


1:30 


Some Uses of Pulsed Neutrons in Reactor Physics. 
L. S. Anthony, J. L. McClure and A, Robeson, Virginia Poly- 
technic Institute 


An Accelerator for Producing Neutron Pulses. 
J. L. McClure, L. S. Anthony and A. Robeson Virginia Poly- 
technic Institute 


1:45 A Monte Carlo Analysis of Neutron Thermalization in Graphite, 


2:00 


2:15 


2:30 
2:45 


3:00 


3:15 


P. A. Newman and W. B. Payne, Virginia Polytechnic Institute 


The Design and Construction of a Single Channel Time 
Analyzer. 

Wm. D. Beasely and W. B. Payne, Virginia Polytechnic In- 
stitute 


A Millimicrosecond Time-of-Flight Neutron Spectrometer, 
C, I. Hudson and W. S. Walker, University of Virginia 


Fifteen Minute Recess 


Measurement of Internal Magnetic Fields in a Ferromagnet 
with Polarized Neutrons. 

T. G. Williams, G. C. Cobb and H. O. Funsten, University of 
Virginia 

Pulse Shape Discriminating Counters for Fast Neutrons. 

H. O. Funsten, G, C. Cobb and T. G. Williamson, University 
of Virginia 

Elastic Scattering of 3.4 Mev Polarized Neutrons in $,Cu, and 
Zn. 

G. C. Cobb, H. O. Funsten and T. G. Williamson University 
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of Virginia 


Business Meeting 


30 Business Meeting 


10:55 


. 11:10 


11:25 


11:40 


yr, May 14, 1960. Ass—EmBLY Room, SEcoND FLoor, Y.M.C.A. 


The Theory of Elementary Process, 
Claude Marmasse, Hollins College 


Scintillations of the Radio Signal from a Satellite. 
J. D. Lawrence, Jr., University of Virginia 


Angular Scintillations of Radio Stars. 
James P. Hollinger, University of Virginia 


5 A New Look at Perturbation in Celestial Mechanics. 


D. Willard, Virginia Polytechnic Institute 


Atmospheric Phenomena at a Sunrise Total Eclipse of the Sun. 


John W. Stewart, University of Virginia 


5 Recent High Pressure Studies of Solified Gases. 


James N. Boyd and John M. Stewart, University of Virginia 


Apparatus for the Measurement of the Magnetic Rotation 
Spectra of Free Radicals Produced by Flash Photolysis, 


J. L. Detch, L. Goodfriend and F. R. Crownfield, Jr., College 
or William and Mary 


A Demonstration of Phase and Group Velocities using a 
Cathode Ray Oscilloscope. 


F. R. Crownfield, Jr., College of William and Mary 

Use of a Shoe X-Ray Machine for an Undergraduate Labora- 
tory in Atomic Physics. 

J. W. Little, College of William and Mary 

An Undergraduate Nuclear Physics Experiment on the Spec- 
trum of a Beta Emitter. 

L. Rogon and J. L. Detch, College of William and Mary 

A General Physics Laboratory Experiment on the Balmer Series 
of Hydrogen. 

R. E. Adelberger, College of William and Mary 


3:1 
SaTunDAY, 
4, 
6. 0: 
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Section Of Bacteriology 


(Virginia Branch, Society of American Bacteriologists) 
Quentin Myrvik, President 
Catherine M. Russell, Vice-President 
Wesley A. Volk, Secretary-Treasurer 


P. Arne Hansen, Section Editor 
Fray, May 13, 1960 — Randolph Room. 


11:00 Business Meeting 
12:00 Recess 
1. 1:50 Presentation of Scientific Papers 


2. 2:00 Incidence of Bacterial Species Isolated from Urinary Tract 
Infections. 


H. J. Welshimer, Microbiology Department, Medical College 
on of Virginia 


7 3. 2:20 A Technique for Procuring Lung Macrophages. 


Eva Soto Leake, Microbiology Department, University of Vir- 
ginia, School of Medicine 


4. 2:40 Histobacteriology, the Study and Identification of Microorgan- 
isms in Fixed Tissue by Fluorescent Antibodies, 
J. D. Marshall and P. Arne Hansen, Armed Forces Institute 
a- of Pathology, Washington, D. C., and Microbiology Depart- 
ment, University of Maryland, College Park. 


3:00 Tuberculostatic Activity of Alveolar Macrophages. 


c- Shunsaku Oshima, Microbiology Department, University of 
of Virginia, School of Medicine. 

| 6. 3:20 The Use of Iodine for the Disinfection of Indoor Swimming 

ies 


Pools. 


J. E. Faber, J. D. Marshall and William Campbell, Micro- 
biology Department and College of Physical Education, Uni- 
versity of Maryland, College Park. 
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3:40 The Properties of a Strain of a Simplex Virus Which 


Produces Unusually Large Multinucleate Giant Cells in Tissue 
Culture. 


Clayton E. Wheeler, Dermatology Department, University of 
Virginia, School of Medicine. 


Section Of Biology 


Jesse C. Thompson, Jr.; Chairman 
Grace Wiltshire, Vice-Chairman 
Willie M. Reams, Jr.; Secretary 

Walter S. Flory, Jr.; Section Editor 


Fripay, May 13, 1960 — 9:30 A.M. — Empire Room. 


1. 


to 


9:30 The Blessed Thistle (Cnicus benedictus, L.) in Virginia. 


9:45 


10:00 


10:15 


10:30 


. 10:45 


. 11:00 


11:15 


A. B. Massey; Virginia Polytechnic Institute 


A Zephyranthes Complex on the Mexican Plateau. 
Raymond O. Flagg; The Blandy Experimental Farm 


A 60-chromosomed Allium from Texas, 
W. S. Flory and Rina Varma; The Blandy Experimental Farm 


The Genus Beaucarnea: (1) Chromosomes and (2) Systema- 
matic Position 

W. S. Flory and Rina Varma; The Blandy Experimental Farm 
Some Properties of a Growth Influencing Substance in Timo- 
thy Roots 


Robert T. Brumfield; Longwood College and Oak Ridge 
National Laboratory 


Do We Need a Geobiotic Ethic 

Joseph J. Shomon; Commission of Game and Inland Fisheries 
Preliminary Studies on the Feeding Response of Redwings 
to 27 Grain Sorghum Varieties 

Paul W. Lefebvre; Virginia Polytechnic Institute 


Evaluating Rabbit Management Procedures by Pellet Counts 
Alan S. Krug; Virginia Polytechnic Institute 


5. 


ue 
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12. 2:45 
13. 3:00 
144. 3:15 
15. 3:30 
16. 3:45 
17. 4:00 
18. 4:15 
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Developing a Technique for Sampling Browse Production on 
Deer Ranges 


Jim B. Whelan; Virginia Polytechnic Institute 


5 Variations in the Crayfish Cambarus montanus acuminatus 


Larry L. Farmer; University of Virginia 
Section Business Meeting 


Invitation Paper. Regeneration in Insects 
Dietrich Bodenstein; University of Virginia 


Resistance to DDT and Chlordane in the German Cockroach 
Following Discontinuance and Restoration of Selection 
James McD. Grayson; Virginia Polytechnic Institute 


The Albinistic Isopods of the United States 

Harrison R. Steeves, III; University of Virginia 

A Study of the Microenvironment in Two Contrasted Forest 
Floor Habitats 

James K. Grimm; Madison College 


Gastrotrichan Studies at Mountain Lake Biological Station, 
Giles County, Virginia, June-August, 1958 
Charles E. Packard; Randolph-Macon College 


Morphogenesis of PET/MCV Mouse Melanocytes 
Willie M. Reams, Jr., and Stuart E. Nichols, Jr.; Medical 
College of Virginia 


The Effect of Na-L-Thyroxine on Viability and Regeneration 
of Dugesia tigrina 
William L. Mengebier; Madison College 


Histological Observations on the Oviduct of Cambarus longulus 
longulus, Girard, 1852. 


D. Hugh Puckett; College of William and Mary in Norfolk 
T-1824 Dye Light Absorption Characteristic in Deproteinated 
Plasma 

Jack D. Burke; University of Richmond 


CO, Studies in the Horned Passalus 
James R. Powell; University of Richmond 
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Section Of Chemistry 


Mearl A. Kise, Chairman 
W. Allan Powell, Secretary 
Mearl A. Kise, Section Editor 


Fripay, May 13, 1960—9:00 A.M.—Flemish Room, Jefferson Hotel 


9:00 Announcements: Introductory Remarks 


9:15 Determination of Polyphenols in Tobacco. 


Marvin D. Edmunds and W. Allan Powell; Philip Morris 
Research Center and University of Richmond. 


9:30 A Study of the Reducing Substances in Cigarette Smoke. 


J. E. Wickham, Jr., J. C. Holmes, and J. J. Westbrook, III; 
Philip Morris Research Center 


9:45 A Material Balance Study of A Burning Cigarette. 


Elizabeth T. Oakley, Melvin B. Bennett, and J. C. Holmes; 
Philip Moris Research Center 


. 10:00 The Determination of Boric Acid by Conductimetric Measure- 


ment. 


Carol A. Penn and Helen L, Whidden; Department of Chemis- 
try, Randolph-Macon Woman’s College 


. 10:15 A Comparative Study of Available Titrimetric Methods for 


Uranium. 


Gayle King and Helen L. Whidden; Department of Chemistry, 
Randolph-Macon Woman’s College 


. 10:30 A New Spectrophotometric Method for the Determination of 


Microgram Amounts of Manganese. 
Dwight O. Miller and John H. Yoe; Pratt Trace Analysis Lab- 
oratory, Department of Chemistry, University of Virginia 


. 10:45 Combustion of Elemental Boron, 


Claude P. Talley; Experiment Incorporated 


. 11:00 Preparation and Properties of Massive Amorphous Elemental 


Boron. 
Claude P. Talley, Lloyd E. Line, Jr., and Quinton D. Overton, 
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9. 


10. 


13. 


14. 


16. 


18. 


19. 


11:15 


11S 


11:50 
1:00 


1:15 


1:30 


1:45 


2:15 


2:45 
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Jr., Experiment Incorporated 


Isolation and Characterization of Gnaphalicin, An Antibiotic 
Isolated from Gnaphalium obtusiflium (Rabbit Tobacco). 
Samuel J. R. Gamble; Department of Chemistry, Lynchburg 
College 


Kinetics of the Hydrolysis of Nitrostyrenes. 

Thomas I. Crowell; Cobb Chemical Laboratory, University 
of Virginia 

The Technique for the Continuous Measurement of the Vapor 
Phase Corrosion of Metals. 


W. H, Jago and N. F. Murphy; Department of Chemical En- 
gineering, Virginia Polytechnic Institute 


Business Meeting 


Phase Solubilities in the System: Phosphoric Acid-Water- 
Tributyl Phospate. 

B. L. Doumas and N. F. Murphy; Department of Chemical 
Engineering, Virginia Polytechnic Institute 


Representation of Delay Powder Data. 
Lewis B. Johnson, Jr.; Research Laboratories for the Engi- 
neering Sciences, University of Virginia 


The Binary System Sodium Acetate-Propionic Acid. 
Robert Hall and Wilbert Chappell; Department of Chemistry, 
Madison College 


The Growth of Thin Films of Gamma-CuBr on Copper Single 
Crystals. 

Kenneth R. Lawless and Robert H. Kean; Cobb Chemical 
Laboratory, University of Virginia 


Electron Microscope Studies of Thin Nickel Electrodeposits 
on Copper Crystals. 


Lucille B. Gammon; Virginia Institute for Scientific Research 


Thermodynamics of Aqueous Phenols. 
W. F. O'Hara and L. G. Hepler; Cobb Chemical Laboratory, 
University of Virginia 


Studies in the Synthesis of a Sesquiterpene Ring System. 
Oscar R. Rodig and Norman J. Johnson; Cobb Chemical Lab- 
oratory, University of Virginia 


Some Indole Derivatives Related to Natural Products. 


’ 
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20. 


21. 


22. 


23. 


26. 


27. 
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Walter H, Hartung and A. Garnett Richardson; Department of 
Chemistry and Pharmaceutical Chemistry, Medical College of 
Virginia 


3:00 The Preparation of Trialky] Phosphorotrithioites and Their 
Cotton Defoliant Activity. 
Mathias F. Kelly and William R. Smithey, Jr.; Department of 
Research and Development, Virginia Carolina Chemical Cor- 
poration 


3:15 Bromination Reactions of 2-Methyl-2,5-dihydrothiophene 1, 
1-Dioxide and Some of its Simple Derivatives. 
Robert C. Krug and James A. Rigney; Department of Chem- 
istry, Virginia Polytechnic Institute 


3:30 Preparation of Some Cyclic Sulfone Derivatives by the Hydro- 
boration Reaction. 
Robert C. Krug and Donald E. Boswell; Department of 
Chemistry, Virginia Polytechnic Institute 


3:40 Reactions of Cis- and bi 
Landry T. Slade and Robert E. Lutz; Cobb Chemical Lab- 
oratory, University of Virginia 


3:55 Synthesis and Investigation of Hydrazidooxalic Acid. 
Thomas P. Foley, Jr., Thomas C. Imeson, II, David N. Keyes, 
and James K. Shillington; Department of Chemistry, Wash- 
ington and Lee University 


4:10 The Coupling of Grignard Reagents to Benzyl Systems. 
Frank A. Vingiello, Sih-gwan Quo and John Sheridan; De- 
partment of Chemistry, Virginia Polytechnic Institute 


4:20 An Unusual Reduction Observed During the Course of a 
Grignard Reaction. 
Frank A. Vingiello and Thomas Delia; Department of Chemis- 
try, Virginia Polytechnic Institute 


4:30 The Synthesis of Some New 10-Substituted -aryl 1, 2-Benzan- 
thracenes, 
Frank A. Vingiello and Claude I. Lewis; Department of 
Chemistry, Virginia Polytechnic Institute 


19 
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Section Of Engineering 


O. R. Singleton, Jr., Chairman 
Stuart B. Row, Secretary 
R. M. Hubbard, Section Editor 


Fripay, May 13, 1960. — 9:00 A.M. Y.M.C.A. Game Room. 


1. 9:00 


2. 9:15 


3. 9:30 


4, 9:45 


5. 10:00 


6. 10:15 


7. 10:30 


8. 10:45 


A Miniaturized Generating Electric Field Meter, 

B. J. Gilpin, R. R. Humphris and F. E. Morse, Division of 
Electrical Engineering, Research Laboratories for the En- 
gineering Sciences, University of Virginia 


An A. C, Ionization Chamber. 

C. D. Broadbent, R. R. Humphris and W. P. Walker, Division 
of Electrical Engineering, Research Laboratories for the En- 
gineering Sciences, University of Virginia 


A Low Level, High Frequency, D. C, Chopper. 
E. W. Emt, G. C. Davies, J. D. Cooke and R. S. Ramsey, 
Department of Electrical Engineering, University of Virginia 


Detection of Radioactive Argon from the University of 
Virginia Reactor. 

Jack K. Gilham, Department of Nuclear Engineering, Uni- 
versity of Virginia 


Nuclear Design Analysis of a Thermionic Converter Reactor. 
David J. Paul, Department of Nuclear Engineering, University 
of Virginia 

Performance Characteristics of the V.P.I. Argonaut Reactor. 


E. Stam and A. Robeson, Department of Physics, Virginia 
Polytechnic Institute 


A Method of Transforming Concentrated Surface Forces into 
Continuous Surface Forces. 

William Zirk and Mohammed Abdul Majud, Department of 
Civil Engineering, University of Virginia 


The Separation of Isotopes Using a Short-Bow] Ultracentrifuge. 
Gernot Zippe, A. R. Kuhlthau and Robert L. Overstreet, Divis- 
ion of Engineering Physics, Research Laboratories for the En- 
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9. 


11:00 


10. 11:15 


13. 


14. 


16. 


17. 


18. 


11:30 


11:45 


12:00 


1:15 


1:30 


1:45 


2:00 


2:15 
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gineering Sciences, University of Virginia 


On the Motion of a Particle in a Free Vortex Centrifuge. 
John E. Scott, Jr., Department of Aeronautical Engineering, 
University of Virginia 


The Analog Computer in Engineering Analysis. 
J. P. Raney, Department of Mechanical Engineering, University 
of Virginia 


An Analog Study of the Stability of Flexible Missiles with 
Autopilot and Second-Order Control Response. 
James B. Eades, Jr. and G. L. Smith, Aeronautical Engineer- 
ing Department, Virginia Polytechnic Institute 


On the Simulation of the Electron Concentration Encountered 
by a Body During Re-entry to the Earth’s Atmosphere. 

J. N. Perkins and A. J. Russo, Jr., Aeronautical Engineering 
Department, Virginia Polytechnic Institute 


Propulsion System Requirements of the Manned Interplanetary 
Vehicle. 

R. W. Truitt and P. R. Kurzhals, Aeronautical Engineering 
Department, Virginia Polytechnic Institute 


LUNCH 


Space Cabin Requirements of the Manned Interplanetary 
Vehicle. 

R. W. Truitt and P. R. Kurzhals, Aeronautical Engineering 
Department, Virginia Polytechnic Institute 


The Effect of Chloride lon on the Pitting of Inconel and 
Incoloy. 

James A. Miller, W. A. Wilkinson and N. F. Murphy, Depart- 
ment of Engineering, Virginia Polytechnic Institute 


Neutron Flux Measurements by the Use of Thin Gold Films. 
Arthur P, Deverill, Department of Nuclear Engineering, Uni- 
versity of Virginia 

Neutron Flux Measurements with a Hydraulic Rabbit. 
George H. Gordes and George A. Custer, Department of Nu- 
clear Engineering, University of Virginia 

Design Factors of a Nitrogen Isotope Chemical Exchange 
Tower. 

Carl A. Renfroe, D. A. Hayford and Fred W. Bull, Depart- 
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19, 


20. 


27. 


2:30 


2:45 


3:00 


3:15 


3:30 


3:45 


4:00 


4:15 


4:30 


4:45 
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ment of Chemical Engineering, Virginia Polytechnic Institute 


Heat Transfer and Pressure Drop Performance of a Baffled 
Heat Exchanger in Cooling a Viscous Liquid. 

Patrick H. DeHart, Jr., and Fred W. Bull, Department of 
Chemical Engineering, Virginia Polytechnic Institute 


Anomalies in the Operation of Oven Type Molecular Beam 
Sources. 

Richardo Zapata, Division of Astronautics, Research Laborator- 
ies for the Engineering Sciences, University of Virginia 


The Generation of Molecular Beams from Shock Tube Sources 
and Associated Transient Phenomena. 

Arthur C. Bruce, Aeronautical Engineering Department, Vir- 
ginia Polytechnic Institute 


Analysis and Design of a Holweck Type Molecular Pump. 

E. N. Sickafus, R. B. Nelson and R. A, Lowry, Division of 
Engineering Physics, Research Laboratories for the Engineer- 
ing Sciences, University of Virginia 


Performance Data for Several Holweck Type Molecular Pumps. 
R. B, Nelson, E. N. Sickafus and R. A. Lowry, Division of 
Engineering Physics, Research Laboratories for the Engineering 
Sciences, University of Virginia 

Non-equilibrium Molecular Dissociation of Air in a Hypersonic 
Nozzle. 


J. N. Perkins, Aeronautical Engineering Department, Virginia 
Polytechnic Institute 


A Variation Problem in Space Mechanics. 
James B. Eades, Jr., Aeronautical Engineering Department, 
Virginia Polytechnic Institute 


On a Solution to the Unsteady Laminar Boundary Layer, 


H. A. Hassan, Aeronautical Engineering Department, Virginia 
Polytechnic Institute 


Quantum Mechanical Aspects of the Thermodynamic Properties 
of Gases. 

R. W. Truitt, Aeronautical Engineering Department, Virginia 
Polytechnic Institute 


An Engineering Study of a Rotary Drum Crystallizer. 


John C. Chaty, Department of Chemical Engineering, Univer- 
sity of Virginia 


a 
| 
24. 


29. 5:00 

5:15 
SATURDAY 
1. 9:00 
2. 9:15 
3. 9:30 
4. 9:45 
5. 10:00 
6. 10:15 
7. 10:30 
8. 10:45 


Tue JOURNAL OF SCIENCE [April 


Engineering Exhibits presented by members of the Junior 
Academy of Science. 


Business Meeting and Election of Officers 


May 14, 1960 — 9:00 A.M. — Y.M.C.A. Game Room. 


The Determination of Heat Transfer Characteristics for a 
Moving Bed System Composed of Air and Activated Carbon. 
William A, Barkley and Stuart B. Row, Department of Chemi- 
cal Engineering, Virginia Polytechnic Institute 


The Use of High Rotational Speed Equipment to Complement 
Molecular Beam Studies in Gas Dynamics. 

H. J. Davis, Jr., Division of Astronautics, Research Laboratories 
for the Engineering Sciences, University of Virginia 


The Analysis of lon Beams Using an R-F Mass Spectrometer. 
Hugh S. Landes, Division of Electrical Engineering, Research 
Laboratories for the Engineering Sciences, University of 
Virginia 

High Speed Drag on Rotating Cylinders at Very Low Pressures. 


J. H. Bodine, Division of Astronautics, Research Laboraties for 
the Engineering Sciences, University of Virginia 


A Technique for Measuring Capacity Changes of Two Insulated 
Hemispheres. 

B. J. Gilpin, R. R. Humphris and F, E. Morse, Division of 
Electrical Engineering, Research Laboratories for the Engineer- 
ing Sciences, University of Virginia 


A Proximity Pickup with a Vacuum Tight Probe. 

W. M. Bland and W. H. Dancy, Jr., Division of Engineering 
Physics, Research Laboratories for the Engineering Sciences, 
University of Virginia 


Preparation of Plated Specimens for Microscopic Examination 
of Chrome-Steel Interface. 

Jamshed B. Francis and W. H. Dancy, Jr., Division of Engi- 
neering Physics, Research Laboratories for the Engineering 
Sciences, University of Virginia. 


Satellite Orientation Using Magnetic Support Methods. 
Robert E. Russell, Division of Electrical Engineering, Research 
Laboratories for the Engineering Sciences, University of Virgini 
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11. 11:30 


12, 11:45 
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Deformation of a Symmetrically Unbalanced Hoop Rotating 
at High Speeds. 

H. M. Parker, Division of Theoretical Analysis and W. C. 
Connolly, Division of Engineering Physics, Research Labora- 
tories for the Engineering Sciences, University of Virginia 


The Soaking Effect — Apparent Drag Reduction on Bodies 
Held at Low Pressures for Extended Periods of Time. 

J. E. May and A. R, Kuhlthau, Division of Astronautics, Re- 
search Laboratories for the Engineering Sciences, University of 
Virginia 

A Strength Criterion for Compacted Fine Grained Soils. 


H. G. Larew, Department of Chemical Engineering, University 
of Virginia 


Rotational Hysteresis Losses in Nickel-Zinc Ferrites at Low 
Frequencies. 


Ricardo Berner, Division of Electrical Engineering, Research 
Laboratories for the Engineering Sciences, University of Virginia 


Magnetostriction in Nickel-Zinc Ferrites, 
Gerald S. Nurre, Division of Electrical Engineering, Research 
Laboraties for the Engineering Sciences, University of Virginia 


Section Of Geology 


J. L. Calver, Chairman 
E. W. Ramsey, Vice-Chairman 
R. S. Mitchell, Secretary 
B. W. Nelson, Section Editor 


May 13, 1960 — 9:00 A.M. — Brive Room, EpucaTIoNnAL 


BuILDING, BASEMENT SECOND Baptist CHurcHu, 7 WesT FRANKLIN STREET. 


9:00 
l. 9:10 


Announcements 


Notes on the Geology of the Nile Delta and Adjacent Desert. 
W .T. Parrott; Virginia Department of Highways 


Madison Canyon Earthquake — Montana, 1959. 
E. W. Spencer; Washington and Lee University 


| 

| 

| 


104 THE VIRGINIA JOURNAL OF SCIENCE [ April 1966 
3. 9:45 Mineral Paragenesis of the Meyers-L, Copenhaver Mines, 14. 
Smyth County, Virginia. 
R. C. Barnes and D. K. Grubbs; University of Virginia 


4. 10:00 Retention of KC1 by Halloysite. 15. 
G. W. Thomas; Virginia Polytechnic Institute 
5. 10:20 Comments on Apatite from the Morefield Mine, Amelia County, 6. 
Virginia. 
E. H. McGavock and R. S. Mitchell; University of Virginia 
17. 


6. 10:35 Geology of the Lexington Quadrangle, Virginia. 
K. F. Bick; Washington and Lee University 


7. 10:55 A Diabase Dike near Greenville, Augusta County, Virginia. 
F. H. Campbell and J. M. Cole, Jr.; University of Virginia Sat 


8. 11:15 A Petrographic Study of Some Dikes in a Quarry in Blue 
Grass Valley, Highland County, Virginia. 
E. K. Rader and V. S. Griffin, Jr.; University of Virginia 


11:35 Business Meeting 
12:00 Recess 


Papers by Virginia Polytechnic Institute 
National Science Foundation Undergraduate Participants 


9. 2:00 Comments on the Objectives and Accomplishments of the 
National Science Foundation Program at the Virginia Polytech- 
nic Institute, 

B. N. Cooper 


10. 2:10 Geology of Locust Cove Area, Smyth County, Virginia. ] 
W. M. Eckroade 


11. 2:25 Nolichucky Sedimentation and Stratigraphy in Part of South- 
west Virginia, 
J. Bryan 


12. 2:40 Chemical ye gt of Middle Ordovician Limestones in 
Rich Valley, Smyth County, Virginia. 
E. L. Lee 


Wy 


13. 2:55 Canadian-Champlainian Disconformity near Chatham Hill, 
Virginia, 
W. Fisher, Jr. 


q 
‘ 
| 


1960] PROGRAM, THIRTY E1GHTH ANNUAL MEETING 105 


14. 3:10 Areal Geology of Part of Saltville Thrust Block near Saltville, 
Virginia. 
J. T. Blankenship 


15. 3:20 Gravity Survey Across the Saltville Thrust near Saltville, Virginia. 
H. L. Welker 

16. 3:40 Chatham Hill Limestone at the Type Locality, Smyth County, 
Virginia. 
D. E. Hallinger 


17. 3:55 Faunules of the So-called Maysville Division of the Martins- 
burg Formation, Smyth County, Virginia. 


R. L. Sutherland 
SaTuRDAY, May 14, 1960 


Field trip under the direction of W. T. Parrott (Virginia Depart- 
ment of Highways) and R. S. Young (University of Virginia). 


Section Of Medical Science 


Edwin W. Pullen, Chairman 
Eugene D. Brand, Secretary 


W. Parker Anslow, Jr., Section Editor 


Fray, May 13, 1960 — 10:00 A.M. Junior DEPARTMENT, SECOND 
FiLoor, REAR, EpuCATIONAL BurmDING, SECOND Baptist 
Cuurcu, 7 FRANKLIN STREET 


1. 10:00 Particle Formation in Soluble Mitochondrial Extracts. 
J. F. Albright; Medical College of Virginia 


2. 10:15 Coacervation-like Phenomena with a Protein Component. 
W. A. Mills; Medical College of Virginia 


3. 10:30 Biophysical Studies of Skin Proteins, 
E. R. Berry; Medical College of Virginia 


4. 10:45 A Potentiometric Recorder for pH Measurement. 
R. C, Williams; Medical College of Virginia 


ut 


- 11:00 Motion Pictures of Mating Behavior of a Protozoan Ciliate 
Tetrahymena pyriformis Rendered Amicronucleate by X-ray 
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Treatments. 
C. C, Speidel; University of Virginia School of Medicine 


1:15 Metabolic Effects of m-dinitrobenzene in Asperigillus Niger. 


Edwin S. Higgins; Medical College of Virginia 


Prothrombin and Factor V (Accelerator Globulin) in the Rat: 
Influence of Age, Sex, and Intake of Fat Soluble Vitamins. 
Susan J. Mellette, Martha G. Bourne and Walter O. Cowan; 
Medical College of Virginia 


Some Physiological Effects of (-)-Cotinine, A Metabolite of 
(-)-Nicotine, 

Joseph F. Borzelleca, Edward R. Bowman and Herbert Mc- 
Kennis, Jr.; Medical College of Virginia 


12:00 Business Meeting. 


6. 
7. 11:30 
8. 11:45 
9. 2:15 
10. 
ll, 2:45 
12. 
13. 
14, 3:30 
15. 
16. 4:00 
17. 4:15 


Mathematical Form of the Function Relating Body Specific 
Gravity to Body Fatness in Mammals. 
Grover C. Pitts; University of Virginia School of Medicine 


2:30 Acclimatization to Cold and the Thyroid. 


Chalmers L. Gemmill; University of Virginia School of Medicine 


Studies of Cholinesterase by Potentiometric Techniques. 
G. M, Angelton; Medical College of Virginia 


3:00 The Specificity of Some Hydrolytic Enzymes. 


L. A. Mounter; Medical College of Virginia 


3:15 Effects of Total Pancreatectomy in Experimental Pancreatitis. 


Max S. Rittenbury and R. Egahl; Medical College of Virginia 


Studies of the Toxic Factor in Experimental Hemorrhagic 
Pancreatitis. 

Max S. Rittenbury and L. A. Mounter; Medical College of 
Virginia 


3:45 The Analogue Computer: A tool for biological and physical 


Research. 
F. H. Schmidt; Medical College of Virginia 


A High Intensity Pulsed Light Source for Retinal Burn Studies. 
R. S. Ruffin, R. C. Williams and F. H. Schmidt; Medical 
College of Virginia 


The Loss of Light Energy in the Retina and Choroid. 
Walter J. Geerates, Guy Chan and R. C. Williams; Medical 
College of Virginia 


1961 
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Section Of Psychology 


John F. Hahn, Chairman 
Robert A. Johnston, Secretary-Treasurer 
Cyril R. Mill, Section Editor 


of Fripay Morninc, May 13, 1960 — 9:15 A.M, Dominion Room. 
a Noble R. McEwen, Section Chairman 


1. 9:15 Certain Time Relations in Serial Rote Learning. 
Gene Wilson and Rosemary Hartman, College of William and 
Ic Mary 


2. 9:30 Individual Differences in Binary Pattern Recognition. 
Dorothy W. Dyer and E. Rae Harcum, College of William and 


Mary 
3. 9:45 Attensity Gradients in the Perception of Binary Patterns, 
David Camp, College of William and Mary 
4. 10:00 Further Experiment Concerning Dependency Contrast in Visual 
Detection and Recognition. 
E. Rae Harcum, College of William and Mary 
. 5. 10:15 Some Effects of Long-Continued, Low Intensity, Gamma Irra- 
a 
diation on the Rat. 
ic Leonard E. Jarrard, Washington and Lee University 
f 6. 10:30 Acquisition of Probabilistic Paired Associates, As a Function 


of S-R1, S-R2 Ratio and Blank Trials. 
James H. Woods, University of Virginia 


7. 10:45 INTERMISSION, 


8. 11:00 Panel Discussion: Critical Issues Related to the White House 
Conference on Children and Youth. 

i Cyril R. Mill, Dept. of Mental Hygiene and Hospitals 

Herbert Krueger, State Dept. of Welfare and Institutions 

Herbert Ross, Social Service Bureau, City of Richmond 


Fi 9. 12:30 Lunch — Committee Meetings. 
William L. Dunn, Session Chairman 
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11. 


12. 


13. 


14. 


15. 
16. 
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2:00 An Experimental Investigation of Forgetting and Anxiety, 


John H. Borghi, College of William and Mary 


2:15 Conditions Determining Short Term Retention in Sequential 


Tasks. 
H. Ray Brackett, University of Virginia 


2:30 Work As a Measure of Motivation in Operant Conditioning. 


Nelson Smith, College of William and Mary 


2:45 Bar Press Apparatus Suitable for Construction and Use by 


Students. 
Peter Guthrie and David Camp, College of William and Mary 


3:00 Symposium: Sensory Deprivation, Clinical and Theoretical Impli- 


cations, 
Moderator, Robert G. Gibby, Veterans Administration Hospital 
Contributors, Henry B. Adams, Veterans Administration Hos- 


pital, Richard N. Carrera, Veterans Administration Hospital, 
David Cooper, Duke University 


4:30 Business Meeting. 
5:30 Social Hour and Dinner. 


SaturpDAy, May 14, 1960 — 9:00 A.M. — Dominion Room 


Merton E, Carver, Session Chairman for Section A 


17. 9:00 Distribution of Practice in Concept Formation. 


18. 


19. 


James Crouse and Peter Guthrie, College of William and Mary 


9:15 The Secondary Reinforcing Value of Low Intensity Shock. 


James F. Campbell, Jr., and Douglas K. Candland, University 
of Virginia 


9:30 The Evoked Electrocortical Potential and Its Relation to the 


Behavior Conditioning. 
George Gerken, University of Virginia 


9:45 Interaction of Hunger and Estrus in the Rat, 


Robert L. Rhyne, University of Virginia 


. 10:00 Discrimination Reaction Time to a Vibrotactile Display. 


Raymond C. Brice, University of Virginia 


22. 10:15 Electrical Stimulation of the Skin-On Purpose. 
Robert H. Gibson, University of Virginia 
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1960 ConcuRRENT Session, SATURDAY, May 14, 1960 — 9:00 A.M. 


23. 9:00 


24. 9:15 


25. 9:30 


26. 9:45 


27. 10:00 


28. 10:15 


29. 10:30 
30. 10:45 


CONFEDERATE 
Jacob Silverberg, Session Chairman for Section B 


The Nature of Aversive Stimuli. 
L. S. Reid, University of Virginia 


Scaling of Motor Noises for Annoyance. 
James H. Brown, University of Virginia 


The Development of Affectional Responses in Infant Dogs. 
George J. Igel, University of Virginia 


Testing in Juvenile Courts — A Survey. 
Ray Naar, Juvenile and Domestic Relations Court of Richmond 


Need Affiliation: Approach and Avoidance Aspects. 
Richard N. Carrera, Veterans Administration Hospital, 
Richmond 


Mental Hospital Admission Rates as A Measure of the Extent 
of Mental Illness in Modern American Society. 
Henry B. Adams, Veterans Administration Hospital, Richmond 


INTERMISSION. 


Business Meeting. 

Cletus A, Cole, President 

Frank W. Finger, Vice-President 
Cora Lynn Goldsborough, Secretary 
William L. Dunn, Treasurer 
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Section Of Statistics 


Ira A. DeArmon, Jr., Chairman 
James Armstrong, Jr., Vice-Chairman 
William A. Glenn, Secretary 
Clyde Y. Kramer, Section Editor 


PROGRAM FOR ANNUAL MEETING Fripay, May 13, 1960 — 9:00 A.M. 


1. 


2. 


MONTICELLO Room 


9:00 Introductory Remarks by the Chairman 


9:10 Some Further Studies on Detection of Defective Quantities. 


Rolf E. Bargmann and Frederick Leroy Carter, Jr., Virginia 
Polytechnic Institute 


9:30 Some Compound Binomial Distributions. 


Malcolm Turner, Medical College of Virginia 


9:50 Sequential Allocation of Patients in Clinical Trials (Preliminary 


Robert J. Taylor, Virginia Polytechnic Institute 


10:10 Intermission. 
. 10:20 On the Combination of Errors in Agricultural Research. 


N. R. Thompson, Virginia Polytechnic Institute 


. 10:40 The Measurement of Risk in Agricultural Production. 


Paul H. Hoepner, Virginia Polytechnic Institute 


11:00 The Reliability and Cost Considerations of Systems with 


Spare Components. 
Donald F. Morrison, National Institute of Mental Health and 
Virginia Polytechnic Institute 


. 11:20 Some Tests for Outliers. 


Charles Quesenberry, Virginia Polytechnic Institute 


2:00 A Soybean Experiment Interpreted With Respect to Genetic 


Models, 
Theodore W. Horner, Booz, Allen Applied Research, Inc. and 
Charles R. Weber, Iowa State College 
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10. 2:45 
11. 3:15 
12. 3:35 
13. 4:05 
SATURDAY, 
14. 9:00 
15. 9:20 
16. 9:40 
10:00 
17. 10:10 
18. 10:30 
19. 10:50 
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Business Meeting 


A Study of Soldier Preferences for Various Blends of Roasted 
and Ground Coffees in Three Strengths. 

Elie Weeks, Quartermaster Research and Engineering Field 
Evaluation Agency 


Contributions to the Method of Paired Comparisons. 
H. A. David, Virginia Polytechnic Institute 


Some Asymptotic Results in a Balanced Paired-Comparisons 
Experiment. 
B. J. Trawinski, Virginia Polytechnic Institute 


May 14, 1960 — 9:00 A.M. MontTICcELLo Room, 


Meteorological Applications of Power-Spectrum Analysis. 
Ronald E. Walpole, Roanoke College 


Multivariate Analysis of Incomplete-Variables Designs, 
Irene Monahan, Virginia Polytechnic Institute 


Some Contributions to the Evaluation of Pearsonian Dhis- 
tribution Functions. 
John White, Virginia Polytechnic Institute 


Intermission. 


The Prediction of College Success from Tests and High School 
Achievement. 


John M. Long, College of William and Mary in Norfolk 


Optimum Allocation in Regression Split-Plot Experiments. 
R. M, DeBaun, American Cyanamid Corporation and V. Chew, 
U. S. Naval Weapons Laboratory 


Conditional Distributions Arising from Variation of Parameters 
in a Non-Linear Response Function. 

Max H. Myers and David C. Hurst, Virginia Polytechnic 
Institute 


h 
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McCOMAS 
RESEARCH 


CENTER 


to provide for growing 
basic research program 


The opening of our new research 
center this month will provide us 
with an opportunity for even 
more extensive basic research 
into the physical sciences. 

The new laboratories and in- 
strumentation will facilitate 
comprehensive studies into the 
basic nature of tobacco, smoke 
and smoke flavor as well as in- 
tensify our corporate research 


into packaging and adhesive tim 
terials. 

We are looking forward to ti 
achievements to come from ti 
new laboratory complex. W 
sincerely believe our greater Glam 
phasis on fundamental 
will be an important factor 
the continued growth of bom 
our company and the industry 
we serve. 


PHILIP MORRIS 
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Notice To. CONTRIBUTORS 


Contributions to the Journal should be addressed Robert T, 
Longwood College, Farmville, Virginia. If any prelimi 
on the subject which is submitted to the editors, a st 
ipany the manuscript. 


Manuscripts must be submitted in triplicate, typewritten 
a." x 11” paper, with at least a one inch margin on all 
peven pages, with the proviso that if additional pag 
thom at cost. The author may estimate the length of his paper by « 
mmper Of characters, including blank spaces, and dividing this by 3800. 
approximate number of printed pages in the Journal. 


Division of the manuscripts into subheadings must follow a consists 
held to &@ minimum, It is desirable that a brief summary be included in al 

Footnotes should be included in the body of the manuscript 1mediat 
feference, and set off by a dashed-line above and below the footnote 
should be numbered consecutively from the beginning to the end of the r 

Bibliographies (Literature Cited, References, etc.) should be arrar 
aeeording to author. Each reference should include the date, full title 
ame of the Journal, the volume, number (optional), pages, tables and 
.- example: “Sniffen, Ernest W. 1940. Cobbles fro the Pleistocen 
ower York-James Peninsula Va. Journ. Sci., 1 (8): 235-288 1 fig., 1 tal 
BHographic citations should not be made by numbers. Instead, using th 

ere ag reference is desired: either “Sniffen (1940)”, (Sniffen, 1940: 1 
$40) states that...” 

Explanation of figures, graphs, etc., should be typed on separate rf 
honid be numbered consecutively beginning with the first text figure 
through the plates. If figures are to be inserted in the text this should be 
by writing “Figure —” at the appropriate place. in the margin. 


Miustrations including lettering, should be arranged so that on reductior 


meceed the dimensions of the maximum size of a prir 
h iey are well balanced on the page. Large plates 


mage. 4-1/2” 
t be accompani 
: photographic copies which can be sent to the reviewers. The Jou 
Se author with one plate (halftone or line reproduction) or its equiv 
meures, colored illustrations or lithographs may be used only if the 
mt covering the cost of production. Origi i which must 
img ink) not photographs of drawings, should accompany the m 
apne should not be used if a line and dot (stippled) drawing will 
faphic prints are to be used they should be glossy, sharp 
awings not neatly executed and labeled (do not use a typewriter}, or 
Mtted on yellow or yellowish-white paper will not be accepted. 


i Galley Proofs and engraver’s proofs of figures are sent to the author 
Wests of excessive changes from the original manuscript must bé defrayed by 


and show 
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